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Tae EFFECT or tHe INERTIA or tHe RECIPROCATING 
PARTS 1x MODIFYING tHe FORCE TRANSMITTED 
TO THE CRANK PIN.* 


By Francis E, JAckson, M. E. 


The question concerning the inertia of the reciprocating parts 
of the steam engine has only quite recently been considered. 

Mr. Charles T. Porter was the first, so far as I know, to recog- 
nize the fact that this inertia, in high-speed engines, modified the 
pressure on the crank pin to a considerable extent. The demon- 
stration was published by Mr. Porter,in his work on Richards’ 
Steam Indicator. 

Since the above fact was pointed out, there has been a differ- 
ence of opinion among engineers as to the advisability of increasing 
the inertia of the parts by making them heavier than is necessary 
for strength. 


* Graduation Thesis ; communicated by DE VoLson Woop, Professor of 
Engineering at Stevens Institute of Technology. 
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If it is an advantage to have the reciprocating parts heavy, the 
proper distribution of this weight must be considered. 

It is now intended to show the effects of placing two different 
weights in cross-head and piston of an engine running under the 
same conditions in both cases ; and also the effects of placing equal 
weights first entirely in the cross-head and then in the connecting 
rod. The effects sought in any case are a uniform tangential effort 
on the crank pin and the possibility of making a perfect balance. 

The exact formule for general cases are first deduced, then 
simplified by neglecting terms which do not affect the results 
materially and applied to particular cases. 

In this investigation the following conditions are assumed : 

The engine works without friction ; 

The angular velocity of the crank is uniform ; 

The areas of the piston on both ends are equal ; 

Also, the influence of gravity is neglected. 

The inertia of the piston, piston rod and cross head is overcome 
by the steam directly during the first part of either stroke; during 
the latter part, the force due to the inertia acts directly with the 
steam. To find the equivalent steam pressure per unit area of 
piston, it is only necessary to find the acceleration, when, the 
piston area and weight of parts being known, the force of accelera- 
tion can be found. 


Let F = the force of acceleration of piston, piston rod, and cross- 
head ; 

$ = distance passed through at any point of stroke ; 

R= length of crank ; 

p length of connecting rod ; 

0 the crank angle, and 


ry 


8 = connecting-rod angle. 
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Then 
s= R vers # — p vers 8 
ds= RsinOd dé — psinjfd 3 
R sin # 
P 
a a : V1— BR aint 0 


R sin 0 = p sin 8; .* . sin 8 = 


cos § = Vv1— 


R cos ddd. df= R cos dé 
P Vp — B sin’ 6 
R® sin 6 cos 6d 0 
V ph — BF sin’? 6 
ds » cox 0 — sin? 0 R? sin® 0 cos’ 6 
eT Vpi—Reintd | (v?'— Rain’ 0)§ 
__» coe 26 «sR sin? (2 0) 
VP—Reint@ | 4(p*— Resin? 0)3 
ds ii Ge 2 — Ps (225) "= 39°48 N & 
d@ d# df\ ¢ t d#? 
Then if W = the weight of the piston and piston rod, then 
F= 


coe 8d A= 


ds= Rsainfdé — 


= Rceos i — RF’ 


W 3948N? ds 
Se e dP 
_W 3948 N* cos  — R( cos 26 FR? sin? (2 6) ) 


= é Vp — Risin? 4(?— Resin? 0) § 
(A) 
THE CONNECTING ROD, 

The motion of the connecting rod is the result of two motions, 
one of translation with the cross-head, and one of rotation around 
the cross-head pin. 

The longitudinal acceleration is produced by two forces acting, 
one at each end of the rod (through the centres of the cross-head 
and crank pins), the magnitudes of the forces varying inversely as 
the distances of their points of application from the centre of 
gravity of the rod. The sum of these two forces must necessarily 
equal the total amount of force if applied directly at the centre of 
gravity. 

Let /” =the force necessary to be applied at the crank pin 
parallel to the piston rod to produce the longitudinal acceleration ; 
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F’ = the force necessary to be applied at the cross-head in the 
line of the piston rod, so that this force and /” would produce the 
longitudinal acceleration of the connecting rod ; 

#" =the force applied at the piston to produce the longi- 
tudinal effort /’’. 

Then it is readily seen from Fig. A that, by equating the 
moments of #” sec 8 and /”, the total pressure on the piston due 
to the longitudinal acceleration alone 

_ om» 1 _ wr J sin 6 coe 8 
ea on ins Ree sin (0 — #3) 
where 
‘F” sec 8. Rain(@— s)=f". Rain 0 

(F’ + /”) is determined exactly as /. 

The position of the centre of gravity being known, F’ and /” 
are known, and consequently /’ + F’ becomes known. 

The motion of rotation around the cross-head pin may be 
resolved into two motions—one longitudinal, the other lateral; 
in each case the forces producing the motions are applied at the 
crank pin centre and act in the direction of the motion produced. 

To determine these forces, the form of the rod must be known, 
or the radius of gyration with reference to the cross-head pin as an 
axis must be known. 

In Fig. A let z = the distance of any point in the length of the 
rod, measured from the cross-head; and 2 = the distance passed 
through longitudinally, due to the rotation. 

Then, leaving out intermediate steps: 

p sin 8 = R sin 6 
z= z vers 8 
Differentiating 
dz_. R? sin @ cos 
do P Vp? — R? sin? 6 
fz sf cos 2 0 4 FR? sin? 2 0 
dP p |\V P—Rsint6 = 4 (0? — R* sin? 0) 3 | 
Px Pz. 
df d 
will be the acceleration parallel to the piston rod for any point, 
where 
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ome 2 
t 
Suppose, the radius of gyration equals z. The force applied at 
distance p = 4 % by what it would be if applied at distance z. 
Let /, = longitudinal component of the force applied at the 
crank-end of the rod, producing rotation ; 
F, = the equivalent force on the piston. 
Then 
aes Pe .o 
p dP 
=e) Se cos 2 6 FR? sin? (2 0) 
g°\ t) P Vp—Reintd | Me— Pain’ 0)} 
_ £V PR aint 
Vp — R sin? 0 — R cos 6 
Proceeding as above, let y equal the distance passed through 
laterally by any point in the rod. 
Then 


©) 


(D) 


y=senfpus * sin 6 


Let f, = the lateral component of the force applied at the arm 
p, producing rotation ; 

F,, = the corresponding force on the piston ; 

s = the radius of gyration. 


Ww, ez z 


: y) ax: Reind (EB) 


P f,008 0 V p' — B sin’ 0 
>= gin(0— 8) sin (Vp? — Fe ein? 0 — R cos 0) 
SIMPLIFICATION OF THE PRECEDING FORMULZ FOR ORDINARY CASES. 


(F) 


In equation (A), the following equations are practically true, 
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the connecting rod being more than four times the crank radius: 
Ve —F sin? 0 — p 
(error less than five per cent. in extreme cases). 
R? sin? (2 @) —0 
4 (p? — R? sin’ 0) 3 
(because very small compared with the preceding terms). 
And equation (A) becomes 


N? 


F= W.122—..R (cox ¢— eo} 


p 
F’ + F” SIMPLIFIED. 
From equation (B), 
ped 8 sin 0 cos 3 _ SUV @—P sin? 0. sind 

sin(9@—) —-8in 9 (1 p*— RP sin? 0 — R cos 8) 
f" p 
p— Ros 
a 


o 
‘ 


constant — f"’. 


g (nearly). 


F' +. f” is found by the same formula as F, after making the 
necessary corrections for weight. 

This process is long and tedious; a sufficiently near approxima- 
tion is reached when both forces, #’ and /’’, are supposed to be 
applied at the piston directly. That is to say, make 7’ — 
With these conditions, ¥’ and /”’ may be included in the Sead of 
F by making W — the whole weight of reciprocating parts includ- 
ing the connecting rod. 

Equation (C) becomes 


f, = 132 WV. 
and (D) becomes 

F, = 1:22 W. 2 
and (E), 


=—122W. . =. Reind 
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and (F) becomes 
; ae R p cos 6 
F,= 1:22 W.- ae oy oy (f) 

The algebraic sum of these forces F-+ F’ + F"” + Fo + Fo = 
the equivalent force, exerted at the piston, due to the acceleration. 

When this sum is positive, work is being done by the steam 
on the reciprocating parts; when negative, this work is being 
given out by these parts, the driving point being the crank pin. 

The above summation is the equivalent pressure on the whole 
piston area; in practice, it is generally necessary to find the pres- 
sure per unit area, as steam pressures are always given in pounds 
per unit area. 


THE PRECEDING FORMUL/E APPLIED TO THE CASE OF THE 11% xX 20 
INCHES PORTER-ALLEN ENGINE. 


This engine was built to be run at 230 revolutions per minute. 
There.aré two cases: in one case, the piston and cross head 
weighs 186 pounds, and in the other 128 pounds. The weight of 
the connecting rod is the same in both cases, being 124 pounds. 
The connecting rod, between the centres of crank and cross- 
head pins, is six cranks in length, the crank being ten inches long. 
The radius of gyration is found to be about ,4, », which gives 


2 
otf aye =} 
R 


In this case, the ratio —- = } is so small that, practically, 


f 
f , 


F"' = f" and the forces F’ and F”’ may be included in F (Eq. a), by 
making W = 310 pounds and 252 pounds in the two different 
cases as has been done below. 


For W = 310 pounds. 
310 (230) § cos 2 0 
F = 1:22 : g—s hs 
X 7035 X Guy * * (coe 6x5 
the second number of the equation being divided by the piston 
area (z 1” = 103°5) 
= 7°5 (6 cos 0 — cos 2 @) lbs. per square inch. (1) 
For W = 252 pounds. 
F = 6°09 (6 cos 0 — cos 2 @). (2) 
f,=122x 124 (230% 1 26 cos2@ 


sah ae ete = 1:5 cos 26 (3 
103°5 “ (G0 "2° Be °” 635 sake x, 
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9 cos 20 | 
6 — cos 6 
= — 8°97 sin 0. 
269 cos9 = = BBB cos . 
~ 30—benG 6 —con (6) 
That portion of F due to the inertia of the connecting rod 
’ » _ 124 
hE = aig 
= 3 (6 cos 0 — cos 2 @). (7) 
The effort in the direction of motion of the crank pin, for any 
part of the stroke equals the pressure on the piston x sec 9 sin 
(0 — A). 
To prove that there is no work lost: Suppose the pressure 
(= P) constant ; 


P see sin (0 — p) = P (gino — pence) 
: ' V » — RB sin’ 0 


X 7°5 (6 cos 6 — cos 2 #) (approximately) 


Multiplying by R d @ and integrating ; 


PRfsinoao—P Re fen dcosddd 
M Ve — BR sin’ 0 
ig a x 2 
=PR —cos@ —PR (4 ,—«into)? 
© R Oo 
= 2PR= P2 R, which equals the work done by the steam. 


| = F 4s? | 60% | 95° | go® | 205° | 220° | 235° | 50° | 


F 37's) 367 ‘ 2673 | 182 75 —S'2 |—18°8 (—31°8 |—42°7 |—s0° 
15 3 wa Pr a SBP Cees Ps ie S&S ‘7S 3°3 
18) 16 88) oo 3 -B8ai— 14 | — 15 —1'25/— 69 o 66512 
o |— 93 |— 45 |— 63 |— 78 — 87 — 9 [87 |— 78 |— 3 |— 4's |— 2°3 
—10°8\—10°3 — 9'8 |— 7°2 |— 49 — 2°4 ° ‘2 41 57 68 75 
28's) 279 | 26°3| 246) 20°5 | 144 | 6 —15°3 (26°: |—35°3 |—41'4 43's 


as" | -24°7 | sgt] ay] wos | 73) — 7S 127 az | 


F+A+Fy 


sec B sin 
(@— B) 
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The foregoing table has been computed from equations (1) to 
(7) for the two cases. 


GRAPHICAL REPRESENTATION. 


In Fag. 7, are represented copies of an indicator diagram, taken 
from one of the Porter-Allen engines, before described, and also 
curved lines for each case under consideration, the ordinates of 
which, measured from the atmospheric line, are proportional to the 
forces of acceleration, or to F + F, + F, in the preceding table. 
The ordinates, both on the indicator diagram and to the accelera- 
tion curves are drawn to a scale on which an inch represents 
thirty-two pounds. 


The lines a 6 are the acceleration curves for the greater weight, 
and cd for thelesser weight. 

The effective pressure on the piston equals the pressure incylinder, 
minus back pressure, minus the force of acceleration. It is readily 
seen that this pressure becomes negative soon after the compres- 
sion line #z 2 passes the acceleration line oa. 

In Fig. //, the ordinates to the curves from the line A & are 
drawn to the same scale as above, and represent the tangential 
effort for the forward and return stroke. The line ad is forthe 
heavier weight, and cd for the lighter one, as in Fig. /; the ordi- 
nates to the curved line ¢/ represent what the efforts would be if 


2° 8 ne! tape sotiggeeey” 
ut ws ba - 


rave: 
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the reciprocating parts were destitute of weight. If the tangential 
effort were constant throughout the stroke, the work done being 
the same, the ordinates would ‘necessarily be terminated by the 
straight lines CD and C’ D’. The portion of the area of these 
curves which is outside the area enclosed by the rectangles thus 
formed, expressed in foot-pounds, is the 4£ referred to by Ran- 
kine in his formula for fly wheels.* The area of each of these 
rectangles which equals the area of the curves for one-half of a 
revolution, expressed in foot-pounds, equals /fds. 

For no weight in the reciprocating parts, we would have during 
ae ae 49 
pds 
For smaller weight (252 pounds). 
JE 


the forward stroke 


-99 


aU. 


Forward stroke 


Jp ds 
JE 


Backward stroke ov. 
Spd 8 
For heavier weight (310 pounds) 


AE 


Forward stroke 


Backward stroke — 
Tpds 


Thus it is seen that, with this indicator diagram and number 


' 
) 


* Rankine's Applied Mechanics, p. 263. 


Sept., 1886.] Effect of the Inertia, etc. 71 


revolutions, 4 & decreases with the increase of weight of the reci- 
procating parts. 

On making a comparison of the various formulz for fly wheels 
given by different manufacturers, it is found that they all give 
about three or four times the weight found by the theoretical 
formula. That cushioning affects the uniformity of the tangen- 
tial effort to a considerable extent is seen by comparing the actual 
curve with the curve as it would be if the back pressure were 
constant throughout the stroke. With cushioning, the curve 
crosses the zero line, and the ordinate becomes negative. 


TO COMPARE THE RESULTS OF PLACING 300 POUNDS ENTIRELY IN THE 
CROSS-HEAD, AND THEN THE SAME WEIGHT ENTIRELY IN “THE 
CONNECTING ROD. 


The engine considered is the same as the one before described, 
excepting that in the first case the connecting rod is supposed to 
have no weight, and in the second case the piston and cross head 
have no weight. 

In the first case the only force to be considered in finding the 
ordinates to the acceleration curve is /, equation (a). 


F 122x 300 x (3207 6 (cos d — §cos 20 ) 


1035 “ (60% ° 6 
== 7°26 (6 cos 6 — cox 2 0) 
WEIGHT IN CONNECTING ROD. 
The following are the exact formulz : : 
F' + f" = F = 726 (6 cos @ — cos 2 #) 
The weight being distributed uniformly between the centres of 


x5 


cross head and crank pins, /’’ — F’ = e and the square of the 


radius of gyration = s* — } »*. Then equations (b), (c), (d), (e) 
and (f), give 


pu af" sinOcosfB  4F 
~gin(@—f) ~~ 1 — bcos 


6 
2-4 cos 2 0, 


14°5 cos 24 
6—vcos 0’ 


— 144 sin @, 


bbe EOS AA ANE ERATE AP GETS OE LIT TELE GES EL TS AIM 


Jackson: 


86°8 cos @ 
6 — cos 
The following are numerical values of these expressions : 


F, 


0° 


363 35° 1 ‘$0 72 — 5S 181 —30°8 gig —48 


17° | 154) 1287) B73 6l— a'5\— 9 | —15'4)—20°7 — 2471 —2; 
19°8| 175 138) v2 36\— 2° |— 8 3\—19°8\—18-1 —20°7—2:'y 
24 P z ° ~— 5°8\—= 2°t|\— 2°4'— 3°1\— I's ° 1? 

2°95 25 5) SF Z— 21 — 24 — TQ o I 1°8 

0° |— 38 — 7'2\—10°2| —12 2) 14" 144 14° (12-2 —10°2 — 72 — 38 
2/17 4|—16°6 —15°7}—11'5 — 7'9/— 3'9) oo 3°6| 68) 91) 109 12 12% 
FaF + Fo) 218 214 «19°38 19°3) 168. 11'5 48) — 3°3.-—-12°3 —21°7 —29's —34'5 — 36 
FF’ + FY + Fy + Fe 25°6| 246 226 ats wy) 12 4°8\— 2°38 —115 —20°1 —27'9 —32 8 -3 


F+A\ 87375 352) 3°7 Meise 48 — 7 —19°3\ 907-405-465 —w 
. 


GRAPHICAL REPRESENTATION, 


In Fig. //7, the curves of acceleration for each case are drawn. 


The lines a6 and a’ dé’ are the acceleration curves when the 
weight is concentrated in the cross-head, the ordinates being the 
values of / in the preceding table. 

The curves c d and ¢’ d’ are obtained by using the approximate 
formulz (1), (2), etc., the weight being placed in the connecting 
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rod. The broken lines ¢ / and ¢’ /’ are obtained by using the exact 
formula. 

As this is an extreme case, we infer that the difference in the 
results given by the exact and approximate formule, will always 
be comparatively small; and as the value F, is always small, it 
follows that for all practical cases a sufficient approximation is 
reached by considering the values F and F, only. 


In Fig. /V, the curves of tangential effort are drawn for each, of 
the cases just considered. The indicator diagrams used are those 
in fig. f. 

For weight (300 pounds) in cross-head, we have— 


Forward stroke 4E “258 


IE 
/pds 


Backward stroke 


Weight in connecting rod: 
JE 
Spds 
JE 
/Spds 
BALANCING OF ENGINES. 


Forward stroke 


Backward stroke 


The object of balancing an engine is to give to the engine- 
frame the least possible shake. 

In this investigation, the counter-weight is supposed to be con 
centrated at a point 180° from the crank and at a distance from 
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the shaft equal to the length of crank. In Fig. V, the resultant of the 
forces due to inertia and to the centrifugal force of counter-weight 
is found for every 15° in the circumference. The forcesare treated 
as though they were centred at the crank pin and the resultant 
only transmitted to the main shaft. 

The force due to the inertia of the cross head and piston is 
transmitted along the connecting rod, and is known in direction 
and intensity, being F sec . 

The vertical force f,:and the direction of F, due to the lateral 
motion of the connecting rod, are known. 

The longitudinal acceleration of the connecting rod is produced 
by two forces, one at each end of the rod. 
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Letthe forces and #’, Fig. V/, paralle) to the piston rod, act at the 
ends of the line A B, the end 4 moving. between guides. The stress 
along the rod due to #’ will be p’ sec 8. The resultant of these 
forces, P and f’ sec , acts in a direction which is so nearly parallel 
to the guides that it is treated as being exactly parallel. 

The centrifugal force acts radially outward from the centre of 
the crank circle. 

In Fig V, the construction for determining the proper counter- 
weight for the Porter-Allen engine, before described, is made, the 
weight of the parts being 310 pounds. Take the point 30° fYom 
the centre line, and make ad = F + f, = the force acceler- 
ating the rod longitudinally. 4c = F sec 83, laid off parallel 
to the connecting rod,cd = ad’ = f,, then will ad = the 
resultant of these forces. 

The centrifugal force of the counter-weight being represented 
by ae, which is constant throughout the revolution, lay off ¢/ 
equal and parallel to a d, and ultant af — 0 /’ will repre- 
sent the force producing the shake carried to the shaft. The 
proper length a ¢ may be determined by trial. The pull on the 
shaft for every point in a revolution is the radial distance to any 
point in the line 4’ m n. 

When the obliquity of the rod is neglected, the lateral force 
being considered however, F is laid off horizontally. This con- 
struction gives a circle,r s 7. It is seen that the counter-weight 
aeisthe same as before. This is the method used by Professor 
Robinson in his paper on “ Balancing,’’* in which he states that 
the horizontal forces are limited by ellipses, as shown in the lower 
part of Fig. V. 

The difference in the two solutions is very apparent on examin- 
ing my construction above, and his below the centre line. 

The line a ¢ equals the centrifugal force of the counter-weight, 
To determine the weight we have— 

Wy wR 
g ar 

Fig. ViI shows how nearly balanced the 300 pounds placed 
entirely in the cross-head or in the connecting rod can be, The 
construction on the right is for the weight in the cross-head ; there 


= value of ae in lbs. 


* Read before the American Society of Mechanical Engineers, 1881. 
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is no lateral force, the only force being F sec 3. The line a 4 when 
the obliquity of the cross-head is considered, is found to approach 
more nearly to a circle for this case. 


The construction on the left is for the weight in the rod. The 
line d e, when the obliquity of the rod is neglected, is the nearest 
approach to a circle in this case. The area of this curve is much 
smaller than the curve a 4, hence it follows that the shake is less 
when the weight is concentrated in the connecting rod than when 
it is in the cross-head. This conclusion was reached by Professor 
Robinson, in the paper before referred to. But that writer states 
that the absorption of power at the beginning of the stroke is the 
same in either case; that this is not so is seen by referring to 
fig. Ill, the difference in the accelerating forces in this case at 
0° = II pounds per square inch, while at the end of the stroke 


the difference is eighteen pounds per square inch. 


ELECTROLYTIC ALUMINIUM.—L. Senet has devised a new process for ob 
taining aluminium, as well as copper, silver, etc., by electrolysis. He exposes 
a saturated solution of sulphate of alumina, separated from a solution of chlo- 
ride of sodium by a porous vessel, to a current of six or seven volts and four 
ampéres. The double chloride of aluminium and sodium is decomposed, 
and the aluminium is deposited upon the negative electrode.— Cosmos, Aug 
10, 1885. 

INFLUENCE OF TEMPERATURE UPON THE TORSION-—COUPLE OF WIRES.- 
The experiments of M. Baille show that temperature exercises an appreciable 
influence upon the value of the torsion-couple of wires. The couple dimin- 
ishes very rapidly when the temperature increases ; the variations amount to 
about one per cent. per degree Centigrade for aluminium and silver. Care is 
therefore necessary to maintain a constant temperature when making meas- 
urements with apparatus in which the effects to be measured are equilibrated 
by the torsion of a wire.—L’ Electricien, Oct. 10, 1885. 
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INORGANIC FOODS. 


By N. A. RAanpo.pnu, M. D. 


[A Lecture delivered before the FRANKLIN InstTITUTE, December 7, 1885.) 


In considering the different food-stuffs, we must regard water 
as of prime importance. In the average adult this body consti- 
tutes from fifty-nine per cent. to sixty-five per cent. of the entire 
weight. Older observers have given this proportion somewhat 
higher; thus Bernard, following Chaussard, gave the average pro- 
portion of water in the human economy as ninety per centf This, 
however, was far too high, the error lying in the desiccation of the 
cadavers investigated, which were in this case subjected to destruc- 
tive distillation. Of the entire water of the body, we find fifty- 
five per cent.‘in the muscles and only three per cent. in the 
cerebro-spinal system and nerve trunks. We further find the 
amount correlated with the age of the individual; thus, in mice, 
there is found in the embryo eighty-seven per cent. of water; in 
the new-born, eighty-two per cent., and at eight days old, seventy- 
six per cent.; in the adult mouse, seventy per cent. In advanced 
age, in all mammalia, the tissues are again rich in water as in early 
youth. As the result of bad nourishment also, the organism 
becomes richer in water; thus, a carnivore (e. g.,a dog) fed on 
bread will lose relatively little in weight, but will lose much urea, 
which substance, it need scarcely be said, is a result of the disinte- 
gration of the nitrogenous tissues of the body, such as muscle. On 
feeding him with meat he at once loses weight and passes by 
various channels far more water than is ingested, although he is in 
reality gaining in flesh. A bread or potato diet favors the accum- 
mulation of water in the tissues of the human economy, also with 
the resultant false appearance of health and misleading plumpness 
of the individual. On returning, however, to a normal dietary 
containing the proper proportion of proteid material, there is a 
similar decrease in weight, and the water leaves the body literally 
in streams. We must regard water as an essential condition for 
the manifestation of all vital phenomena. It is a common carrier 
of pabulum to each minute part, and at the same time a scavenger 
for the removal of the waste products. Most chemical reactions 
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and the action of ferments require water, as do also the molecula: 
movements of nerve-conduction and muscular contraction. 

The percentage of water in organs cannot be greatly altered 
without corresponding disturbances in health. In certain diseas: 
as cholera, there is a diminution in the percentage of the wate: 
contained in the tissues of from five to six per cent. As a 
result of this, however, the blood becomes thick and slow in its 
movement, urine is no longer excreted, and further removal means 
the death of the individual, or, in the lower forms of life, a suspen- 
sion of all the vital activities until such time as the water removed 
shall be restored. Thus, the common wheel-animalcules may be 
completely dried and kept, free from moisture, as an impalpab 
powder ; but on the addition of water to this powder the animals 
in question immediately resume all vital activities, and if subjected 
to microscopic examination cannot be distinguished from other 
living and moving infusoria of the same genus, 

In the adult human body water is constantly lost by urine, 
faeces, skin and lungs, chiefly, however, through the former channe! 
The amount of water daily eliminated varies from two to three 
litres. It is renewed and its normal proportion maintained by 
various drinks, the fluid portion of foods, and by the oxidation. o! 
carbohydrates. By this last method alone from three-fourths of a 
pint to one pint of water is daily formed in the average adult body 
No decomposition of water occurs in the economy. 

In starvation the percentage of water is not decreased in spite 


of constant losses. This is due in part to production of water by 


the oxidation of carbohydrates, just mentioned, and to the fact that 
as the albumens of the body are destroyed in starvation the wate: 
which was combined with them becomes free. On this account 
combined hunger and thirst is more easily borne than thirst alone. 
Excess of water ingested only temporarily increases the water 
percentage of the various organs, the loss by the kidneys, etc, 
being almost immediate; but before its excretion this excess o! 
water must circulate from cell to cell throughout the entire body, 
and in so doing it not inconsiderably increases the activity of the 
tissues. Thus, in experiments upon himself, Genth found that in 
his usual daily life he excreted from forty to forty-five grammes of 
urea. When, however, he drank from two to four litres of fluid in 
excess of his habitual amount, the amount of urea excreted was 
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from forty-six to fifty-five grammes; that is, an increase of from 
fifteen to twenty-two per cent. 

In children, with whom both tissue-activity and tissue-destruc- 
tion is very great, there is again a great demand for water, and an 
interesting clinical fact, first emphasized, I believe, by the late Dr. 
Meigs, of this city, is that in the great majority of cases in which 
children cry without apparent cause, the origin of their distress is 
lack of the water needed to wash away the products of tissue- 
change. 

From a hygienic standpoint it is of the greatest importance that 
the water drunk shall be pure, and the following brief rules by 
Fischer, perhaps the best authority upon this matter, will be found 
of service : 

The water must be clear, colorless and odorless. The extremes 
of temperature through which it should exist at different times of 
the year are narrow, viz., from 6° to 12° C. (40°8° to 50° F.). It 
must not contain more than the most minimal amount of organic 
matter (04 of one per cent.), absolutely none of the organisms of 
decay, bacteria, etc. It must contain no ammonia or nitrous acid, 
and less than one-tenth of one per cent. of nitrates, sulphates and 
chlorides. It must not contain more than -04 per cent. of magnesia, 
and, of course, no poisonous metals. 

Certain solid inorganic elements of food are absolutely essential 
to the well-being of the organism, for in their absence the tissues 
cannot be properly built up, nor can the processes in either the 
solids or the fluids of the body go on. But for the constant renewal 
of these inorganic or ashy constituents of the body, not only would 
the characteristic activity of gastric and pancreatic juice and bile 
sooner or later be rendered impossible but some of the inorganic 
materials already existing in the tissues would be seized upon by 
the various acids—uric, sulphuric, etc.—which are constantly 
developed in the retrograde metamorphosis of tissue and be ex- 
creted as salts, with a resultant loss of the normal degree of alka- 
linity of the juices of the body and finally death. The presence 
of mineral constituents appears absolutely essential to the integrity 
of proteid matter, and their withdrawal entails a loss of most of its 
distinguishing characteristics. We find no coagulable proteid 
without its quota of inorganic salts, and these salts appear to be in 
a state of chemical union with the albuminoid. Thus in the 
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lowest organisms, as the amoeba, we find an appreciable quantity 
of alkaline salts, notably phosphates. Casein also is a proteid 
body remarkable for the tenacity with which it holds incorporated 
with it a large amount of phosphate of lime. Now, inasmuch as 
these inorganic constituents of the body are constantly passing 
from the economy in the excretions, they must as a consequence 
be renewed. The full importance of these substances was first 
appreciated by Liebig, whose attention was directed to the subject 
by his studies in agricultural chemistry. Since the overthrow of 
his views as to the rapidity of tissue waste and repair, the subject 
of the inorganic food-stuffs has not received the attention which 
its-importance merits. The question of the amount of this form of 
food which is essential to the organism is as yet unsettled. Certain 
it is, however, that in earlier lite relatively greater quantities of the 
salts are needed, and that their absence from the food at this period 
produces results much more marked and immediate than would the 
same conditions in adult life. 

In starvation there 1s a continual elimination of the inorganic 
salts, which is explained by the fact that these salts are constantly 
set free in the destruction of the circulating albumens with which 
they were previously in comparatively firm chemical combination. 
When, on the other hand, there is attempted the so-called salt 
starvation, viz., the administration of proteids, fats, carbohydrates 
and water, all in ample quantity, but from which all existing salts 
have been removed, the excretions are marked by a nearly com- 
plete absence of the inorganic salts. The cause of this apparent 
anomaly lies in the fact that the salts which were combined with 
the albumens of the tissues and circulating fluids are by the normal 
disintegration of these albumens set free, but instead of being 
eliminated they enter into immediate combination with the newly- 
introduced saltless albumens of the circulation. This can endure, 
however, but for a relatively short period; for in such recombina- 
tion there is an inevitable failure to unite of a portion of the salts, 
which are thereupon excreted, resulting in such a diminution of 
the ashy constituents of the body as ultimately to induce death. 

Pigeons thus subjected to starvation by the withdrawal of all 
inorganic foods die in from thirteen to twenty-nine «ays, although 
abundance of the other food constituents may be given them. In 
twenty-six to thirty-six days dogs similarly treated are reduced to 
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sucha miserable condition that a continuance of the observation 
would mean almost immediate death. The characteristic symptoms 
of this species of starvation are muscular weakness and trembling, 
gradual blunting of the senses, with occasionally heightened reflex 
activity, and, finally, impaired digestion and death. No well- 
marked changes are found in the bones of adult animals, which 
have died under this regimen; but with young animals the case 
is different. Young pigeons of the same age have been fed with 
wheat from which the major portion of the inorganic materials was 
removed by maceration; to one series of these pigeons this wheat 
was given with distilled water; to another series was given the 
same wheat with brook-water, in which bits of mortar were allowed 
to stand. All the animals grew for a time, but those of the first 
series all died, exhibiting the symptoms of rachitis, while those of 
the second series remained to all appearances in good health. An 
examination of the bones showed that those of the pigeons receiv- 
ing no inorganic salts contained full ten per cent. less of solid 
matters than did those of the normally fed. Apart from the 
absence of lime salts in the food, diseases of the bone may super- 
vene in young animals in which protracted diarrhcea or other 
digestive disturbances have prevented the proper absorption of 
inorganic foods. 

Perhaps the most striking illustration of the necessity of this 
class of food stuffs, and also of the disturbances resulting from a 
very slight diminution in the amount of inorganic constituents 
present in the economy, may be found in the recent experiments 
of Ringer. In these experiments minnows were placed in distilled 
water which was properly aérated. They died in a few hours. 
Minnows of the same age were similarly placed in brook-water, 
and remained alive without any food for many days. An exami- 
nation of the distilled water in which the minnows had so speedily 
died, revealed the presence of minute traces only of inorganic 
bodies, which had evidently dialyzed out from the body of the fish 
into the surrounding medium—a loss so slight as scarcely to be 
estimated, and yet sufficient to entail the destruction of the indi- 
vidual, 

Examining now the inorganic elements of food somewhat more 
closely in detail, we find them to consist of the salts of the alka- 
lies, salts of the alkaline earths, and of iron, silica, and fluorine in 
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various combinations. There are also found in the excreta 
several bodies which have been erroneously regarded as excreted 
inorganic food-stuffs, which are really products of tissue-activity 
As instances in point may be noted, the carbonates and sulphates 
of the urine, which proceed almost exclusively from the breakdown 
of vegetable acids and of proteid tissues respectively. The com- 
pounds of the several alkalies with chlorine and with phosphoric 
and carbonic acids are differently distributed, as was first noted by 
Liebig. Thus in the firmer tissues, as is notably the case in 
muscle, there is found a preponderance of salts of potassium, while 
in the circulating fluids and juices of the body, the sodium salts 
are found in greater abundance. The salts of the alkalies are 
chiefly removed from the body in the urine, being scarcely to be 
found in the faces of carnivora, and when found in the faces of 
men and animals, on a mixed diet, they arise from the imperfect 
absorption of foods which contain them. In diarrhoea, and in the 
semi-fluid excreta of many herbivore, they are present in notable 
quantity from the same cause. Under normal conditions the alkaline 
reaction of the saliva is due to the presence of salts of sodium ; but 
in inflammatory conditions of the mouth-cavity the dominant salts 
secreted are those of potassium. This fact would seem correlated 
with the observation of Mannassein, that in fever the amount of the 
salts in the muscles is diminished, as a result of which there is 
excreted in urine three to four times as much potassium in fever as 
in health. A similar action is also observed in starvation. 

The nature of food, and toa large extent, the nature of its inor- 
ganic constituents, imparts characteristic reactions to the urine ; 
thus vegetable foods as a rule contain a notable excess of the 
alkaline salts of potassium, and we accordingly find in the urine 
ot herbivore a decidedly alkaline reaction. When, however, an 
herbivorous animal is placed upon animal food, as is the case with 
a sucking calf, or what is the same thing,.a starving cow which is 
consuming its own tissue, the urine assumes an acid reaction, due 
to the presence of acid sodium phosphate. The rationale of the 
secretion of acid fluids is but imperfectly understood. Ralfe has 
pointed out that under the influence of a weak electric current a 
decomposition occurs between neutral sodium phosphate and 
sodium bicarbonate, both of which exist in the blood, with the 
production of the acid sodium phosphate and normal sodium bicar- 
bonate. This view is in some measure confirmed by the 
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repeatedly confirmed observation that an increased acidity of the 
urine occurs after the administration of the bicarbonates of potas- 
sium, sodium and ammonium. 

The importance to the economy of the carbonates of the 
alkalies, and therefore the importance of fresh vegetable food 
from which they are most readily elaborated, must not be under- 
estimated. To them islargely due thealkalinity of the circulating 
fluids of the body, an alkalinity whose disturbance is inevitably 
fatal. Reduction of the alkalinity of the circulating fluids is, however, 
difficult to attain; amounts of dilute acid have been introduced 
into the stomach, and without marked disturbance, which, if 
absorbed and excreted without change, would have been more 
than sufficient to render acid all the solids and fluids of the econ- 
omy. When, however, the floods capable of yielding carbonates 
as the vegetable acids and the alkalies, are withheld, there is a 
different result, the elimination of the acids constantly forming in 
the functional activity of the tissues is retarded, and when excreted 
they carry with them the salts of the body, with the ultimate pro- 
duction of the symptoms of scurvy. When, therefore, the alkaline 
constituents of the economy are for a long time withheld, we note 


diminished ‘alkalinity of the circulating fluids, with dissolution of 


the red corpuscles, ecchymoses on the mucous surfaces of the heart 
and mediastinum and fatty degeneration of the heart and general 
muscular system, and also of the glandular organs. 

The production of a free acid, viz., as hydrochloric acid in gastric 
juice, fron an alkaline fluid, the blood, presents a problem of some 
interest. It has been explained by the double decomposition occur- 
ring between acid sodium carbonate and sodium chloride, with the 
resultant production of normal sodium carbonate and hydrochloric 
acid. Some observers would substitute calcium chloride for the 
sodium chloride in the reaction just given; but in any case the 
principle isthe same. That the hydrochloric acid once formed 
should leave the blood for the stomach 1s not incomprehensible, 
for the diffusive power of this acid ranks among the highest. Such 
reactions as these are valuable accessions to knowledge ; and are 
very necessary steps in our approximations to ultimate truth ; but 
why such reaction should occur in the stomach and not elsewhere 
is as yet unknown. 

Of the uses of potassium chloride but little is known. Sodium 
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chloride, however, has been more closely studied. The infant 
at the breast receives daily on an average during its first 
year about twelve grains (79 of a gramme) of salt. The adult 
undoubtedly takes proportionately more, and this excess can 
be regarded as of value chiefly as a condiment ; that is, as a stimu 
lant to appetite and digestion, which acts by pleasing the sense of 
taste. Salt when introduced into the economy, cither by the 
stomach or directly into the veins, begins to appear in the urine 
within an hour thereafter. The maximum of excretion is reached 
in the third hour, and in eight hours it is alleliminated. A curious 
mutual relation exists between the salts of potassium and those of 
sodium; an excess of sodium chloride in the food produces an 
increased renal elimination of the salts of potassium. The cor- 
verse also holds good, viz., an excess of potassium salts in foods 
induces a rapid excretion of sodium chloride to such an extent 
that intense salt hunger is experienced. This is not feit by men 
and animals living upon a food relatively poor in potassium. To 
men fed, as are toa large degree the poorer classes in many coun- 
tries, upon products of wheat, rye, potatoes, and the leguminosz, 
all of which are relatively rich in potassium, salt becomes more 
than a condiment; it becomes an indispensable food, for it with 
draws the potassium salts which otherwise—it would seem chiefly 
by their action upon the nervous system—poison the economy 
Common salt in such proportions as the healthy taste demands is 
undoubtedly a valuable stimulant to the nutritive processes. A\! 
agriculturists agree that the herbivorous animals of the farm thrive 
better upon the addition of salt to their food. It is further well 
known that the withdrawal of common salt from the food of 
domestic animals induces many symptoms of impaired nutrition. 

We have already discussed the absolute necessity for lime-salts 
in young animals, but the extent of this need is surprising. The 
experiments of Soxhlet, Lehman, and Weiske coincide in showing 
that for the calf at ages of from two weeks to five months there is 
needed from ten to fifteen grammes of calcium daily. A large pro- 
portion of the lime salts used in the human body are obtained 
from drinking water. 

Iron, popularly regarded as a drug, is undoubtedly a food, for 
concurrently the iron in the tissues and fluids of the body is being 
separated from its inorganic combinations and eliminated while the 
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fresh increments are being taken up from the food. Its avenue of 
elimination is almost exclusively by the feces, though traces are to 
be found inthe urine. Contrary to popular belief, the major por- 
tion of the iron of the human body is found, not in the blood, but 
in the muscles, even after their contained blood has been removed. 
It must, therefore, be borne in mind that the amount of iron found 
in the excreted matter is not a direct indication of the extent of the 
disintegration of hemoglobin. The precise amount of iron which 
is needed daily by the average adult is not fully established, but it 
is evidently quite small. Perhaps the best approximation to the 
amount required may be obtained from the analysis of the normal 
mother’s milk. On this basis an infant during the first year uses 
daily three and one-third milligrammes of iron, or in other terms, 
a trifle less than twenty grains a year. In the healthy adult, in 
whom tissue waste is not so pronounced, and with whom also there 
are no Claims for the process of growth, it is probable this amount 
will be fully sufficient if presented in the appropriate form for its 
proper assimilation. 

Silicic acid is found in very small quantities in bones, hair and 
blood. It is.supplied by many vegetable foods. Calcium fluoride 
is found in teeth, and to a slight extent in bone. 

Fortunately for us, these inorganic foods, whose withdrawal, as 
we have seen, exercises such deleterious influences on the economy, 
are, asarule, present in great quantity in the actual foods ina 
mixed diet. In certain methods of preparing foods, however, their 
proportion is much diminished ; thus, in the boiling of meats and 
vegetables, a large quantity of these important food-stuffs is ex- 
tracted. Indeed, one of the chief dietetical advantages of salads and 
uncooked vegetables in general is that these elements have not 
been removed. 

There is a very rational and economical method employed in 
French family cookery, which it would be well to employ in this 
country. This consists in the use of a large pot, whose contents 
are kept constantly at a gentle heat, and into which is poured all 
the water in which meat and vegetables have been boiled. After 
some simmering down, this extract, with some addition of flavoring, 
forms not only a good and appetizing soup, but retains as a food 
what otherwise would have been lost, viz., the inorganic food-stuffs 
whose value we have just considered. 
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REPORT or tae COMMITTEE on SCIENCE anb tue ARTS 
on ROBERT H. RAMSEY’S CAR TRANSFER 
APPARATUS. 


HALL OF THE FRANKLIN INstiTUTE, } 
Philadelphia, June, 1886. ( 

The Sub-Committee of the Committee on Science and the Arts 
constituted by the FRANKLIN InstITUTE of the State of Pennsylvania, 
to whom was referred, for examination, 

ROBERT H. RAMSEY’S CAR TRANSFER APPARATUS, 
Respectfully report: That they have examined this invention, 
and the specifications of the letters-patent thereon and numerous 
testimonials of its operation and merits, and have also examined 
into the extent of its field of applicability and usefulness. 

The invention is the subject of three (3) letters-patent of the 
United States, granted to Roperr H. Ramsey, the inventor, for- 
merly of Cobourg, in the County of Northumberland, in the 
Province of Ontario and Dominion of Canada, and now of the City 
of Philadelphia and State of Pennsylvania, and are respectfully 
numbered and dated as follows: 

No. 178,079, May 30, 1876, surrendered and re-issued as re- 
issue No. 8,259, dated May 28, 1878, and No. 204,087, dated 
May 21, 1878. 

Copies of the specifications and drawings of these patents are 
appended to this report. 

The invention has ‘for its object the expeditious and eas) 
changing, under car bodies, of the trucks adapted to run upon rail- 
ways of one gauge for trucks adapted to run upon railways of a 
different gauge, thus avoiding the delay and expense of breaking 
bulk or removing freight or passengers from the cars fitting one 


gauge of road to those fitting roads of another gauge, and of course 
avoiding the risk of accidents and mistakes incident to changing 
of cars by passengers and transfer of freight from one car to 


another. 

The means employed to affect the change of trucks, consists o! 
a depressed portion of the main tracks of the roads of both gauges 
laid parallel one within the other, and at the sides of this depressed 


Sept., 1886.] Ramsey's Car Transfer Apparatus. 187 


portion of the tracks are other tracks of the grade of the main line 
extending somewhat beyond both ends of the incline entering the 
depressed portion of the track, and upon these side tracks are fitted 
wheeled trucks, which, being placed at the sides of a car before 
entering the incline part of the track and having beams, or bars, 
placed across them under the body of the car, carry the car body 
at the grade of the road supported upon the side truck and tracks, 
whilst the truck of the car descending the incline is disengaged 
and remains in the depressed portion of the track, and as the car 
progresses, the king-bolts engage trucks having wheels of the 
other gauge previously placed on the depressed track, and these 
trucks rising on the other incline, receive the weight of the car 
body and permit the withdrawing of the beams, thus disengaging 
the side trucks and leaving the car ready to run upon the road of 
another gauge. 

As above described, there appears a necessity for the applica- 
tion of motive-power to effect the transfer, which, in fact, was the 
case as the invention was originally made, and your committee 
have so described it here (as it is shown in the earlier letters- 
patent) in order that the full scope of the invention, as afterwards 
improved and perfected, may be more readily understood and 
appreciated. 

As shown in the Jater letters-patent, and in practical use, the 
side tracks are laid with a grade sufficient to furnish propelling 
force adequate to carry the car over the depressed portion of the 
track, and lift the second set of trucks upon the incline to the road 
of differing gauge. In order to do this, side tracks, provided with 
proper switches, connect the two roads and permit the entrance of 
all cars at the upper end of the inclined side tracks. 

By this arrangement of inclined side tracks, and having 
depressed parts of the main line and the inclined approach and 
exit graded to conform thereto, the change of trucks is easily and 
promptly effected without using any other motive-power than that 
provided by the grade, a feature of additional importance when it 
is considered that the requirements for transfer from one gauge to 
another are most frequent where branch roads, with limited motive- 
power, are thus connected with main lines at points where the 
business would not warrant the maintenance of shifting engines. 

In the improved form of the apparatus, the side tracks are made 
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to diverge at the ends beyond the inclines, so that in entering, by 
being placed at the sides of passenger cars or other wide cars hay- 
ing steps at the ends, the side trucks pass under the edges of the 
car body between the steps, and support the car body without 
requiring the use of cross beams, and at the opposite end are simi- 
larly disengaged after being relieved of the weight of the car body. 

In practice, in order to remove and introduce trucks to the 
depressed portion of the track,a transfer table is provided, by 
means of which trucks can be passed out laterally under the side 
tracks to sidings at the grade of the depressed tracks. The plane 
of motion of the transfer table, and its connected storage trucks, 
being level and the trucks being without load upon them, they are 
easily handled by the force of men usually required at such stations. 

The invention has been extensively introduced and is in 
successful operation, saving time, labor and expense. 

The field for its useful application is extensive, in numbers there 
being no less than 345 places in the United States, on June 1, 1885, 
where change of gauge leaves no other alternative than change 
of wheels or the breaking of bulk; and 144 additional miles 
of narrow-gauge road were built up to May 30, 1886. 

It is demonstrated to be well adapted to the service in the 
hands of men usually employed in railway service, and for the 
great value and saving of time, trouble, labor and expense, your 
committee deem it entitled to the most serious consideration as a 
proper claimant of the high award asked for it, to wit: the 
Evtiot Cresson MEDAL. 

In submitting this report to the committee, the sub-committee 
feel it their duty to present the evidences which are adduced as to 
the excellence of the invention and its successful work, and also 
the proofs showing the broad extent of the field in which it is 
beneficially useful, rather than to state their conclusions. Enter- 
taining these views, the sub-committee append to this report a 
statement showing the number of breaks of gauge requiring 
transfer, the locations where this invention is in use and testimo- 
nials showing the views of those having charge of railways using it. 

Your committee are well aware that extensive changes of gauge 
have recently been made, having in view the uniformity of gauge to 
the 4 feet 9 inches standard, which might at first sight tend to show 
a contraction of the demand for this invention, but when it is con- 
sidered that each branch of the roads of differing gauge demands a 
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FIGURE 2. 
Cross Section from A to B. 
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nsfer instead of the one main line, and the development of nar- 
-gauge roads in sections where no other road can be afforded, 
s invention cannot fail to appear as of utmost importance in 
necting vast sections of the country with the commercial cen- 
s without breaking bulk, thus bringing the producers and 
sumers closer to each other and greatly promoting the thrift 
the country. 

Your committee therefore submit this report and the evidences 
n which this recommendation is based, with confident belief 
at the invention fairly deserves upon its merits the high award 
at has been solicited for it, and that the proofs submitted, fully 
stain such conclusion. 

Respectfully submitted, 


S. Ltoyp Wiecanp, Ch, EDWARD LONGSTRETH, 
LuTHER L. CHENEY, ALEx. E. OUTERBRIDGE, JR., 
Joun L. GIL, Jr, Rurus Hut. 


Approved Fuy 7, 1886. 
H. R. Hey, Chairman. 


APPENDIX. 
st of Railways in Operation in the United States that cannot [nter- 
change Freight in Bulk with Standard-Gauge Roads without 
changing Trucks ; also, a list of Narrow-Gauge Railways now 
under Construction and to be Constructed; Compiled and Tabu- 
lated to date of Fuly 1, 1886, by R. H. Ramsey, 207 East 
Chelten Avenue, Germantown, Philadelphia, Pa. 
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he large and increasing field for its operations. 
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ansfer instead of the one main line, and the development of nar- 
w-gauge roads in sections where no other road can be afforded, 
is invention cannot fail to appear as of utmost importance in 
nnecting vast sections of the country with the commercial cen- 
s without breaking bulk, thus bringing the producers and 
bnsumers closer to each other and greatly promoting the thrift 
the country. 
Your committee therefore submit this report and the evidences 
o» which this recommendation is based, with confident belief 
at the invention fairly deserves upon its merits the high award 
at has been solicited for it, and that the proofs submitted, fully 
stain such conclusion. 
Respectfully submitted, 
S. Ltoyp Wiecanp, Chm., EpWARD LONGSTRETH, 
LuTHER L. CHENEY, ALEx. E. OUTERBRIDGE, JR., 
Joun L. GIL, Jr, Rurus Hi. 
Approved Futy 7, 1886. 
H. R. Heyy, Chairman. 
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lated to date of Fuly 1, 1886, by R. H. Ramsey, 207 East 
Chelten Avenue, Germantown, Philadelphia, Pa. 


To the Committee on Science and the Arts of the FRaNKuin Iysti- 
TUTE: 


GENTLEMEN :—In connection with my application for an 
examination and report upon Ramsey’s Car Transfer Appa- 
ratus, I beg to present the following tabulated statement, with 
accompanying papers compiled to date of July 1, 1886, as showing 
the large and increasing field for its operations. 
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No. of N 
Railways. Mileage 
Narrow-Gauge Railways inthe U.S., . . 211 12,829 
Broad-Gauge(5’ and over)R'w' ys in the U.S., 14 187 


Total number of breaks of gauge in the U.S., 


In 1884 


Total mileage of ty track laid in the 
U. S., : : 
Mileage of narrow-gauge taliway track laid 
in the U. S., ‘ ‘ R 
Percentage of narr euneniainitatel laid, sheet, 


Miles Track 

laid in 1880 

to June jzoth 
Narrow-gauge railways.inthe U.S., . . . 258 


Total railway mileage in the U. S., December 31, 1884, 
Mileage railway construction in mae U.S. for 1885, 
Mileage railway construction in the U. S. for 1886to July 1st, 
Total railway mileage in the U. S. to July 1, 1886, 
Total narrow-gauge railway mileage, ‘ 
Less 713 miles Mexican National Railway in Me xico, 


Total narrow-gauge railway mileage in the U. S., 


being g°2 per cent. of the railway system of the United States. 


Reference to papers marked A, will show the extent of the 
narrow-gauge system now in operation in the United States 
the name of each railway with its mileage, and the number of its 
junction points with railways of different gauge. I am aware 
of the fact that within a short time several of these narrow-gauge 
railways that parallel standard roads will be changed to standard 
gauge, but after such change amounting altogether to about 2 
miles, there will still remain over 10,000 miles of narrow-gauge 
feeders. 

Reference to papers marked B, will. show those railways 
of a wider gauge than the standard. It has been the general 
impression that the reduction of the gauge to standard from five 
feet in the Southern States would obviate the necessity for car 
transfer: the fact is, however, that, previous to the recent change 
of gauge there were but thirty-six points where a break of gauge 
occurred between five feet and standard, and at six of these a break 
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still exists between three feet and standard. While thirty points 
were destroyed by the change, twelve new ones were created, 
leaving but eighteen breaks of gauge destroyed by the change 
of about 12,000 miles of five-feet gauge railway. 

Reference to papers marked C, will show that the narrow- 
gauge system so far from having “seen its best days,’ is 
constantly resorted to in the development of mountainous and 
sparsely populated districts ; California taking the lead in exten- 
sions and new roads with twelve, Georgia, Florida and Texas with 
seven each, etc. 

lhere are also a large number of narrow-gauge railways owned 
and operated by private parties, for lumbering, mining, etc., which 
not being open for public business are not mentioned by the railway 
authorities and are found only in the circulars and pamphlets of loco- 
motive builders, etc., which have not been included in these 
papers. ; Very respectfully yours, 

R. H. Ramsey. 


Germantown, Philadelphia, May, 1886. 


[A.] 
NARROW-GAUGE RAILWAYS IN OPERATION IN THE UNITED STATES, WITH 
THEIR MILEAGE AND NUMBEK OF BREAKS OF GAUGE. 


Breaks of 
Mileage. Gauge. 


Addison and North Penrsylvania, . . .... . 47 
Anniston and Atlantic, 

Arizona and New Mexico, 

Arkansas Midland, 

Atlantic and Danville, i < 
Augusta, Gibson and Sandersville, . 


wvwuN & 
om ul 


= VWI 


Austin and Northwestern, r 

Americus, Preston and Lumpkin, 

\ltoona Coal and Iron Company's, . ge Om 

Atchison, Topeka and Santa Fé, from Deming 
Siiver. Caso se 

Apopka and Atlantic, 

Batesville and Brinkley, 

jath and Hammondsport, . 

Bedford and Bloomfield, 

Bellaire, Zanesville and Cincinnati, . 

Boston, Revere Beach and Lynn, . 

Boston, Winthrop and Shore, “ N. G. 

Bradford, Bordell and Kinzua, 

Bradford, Eldred and Cuba, 


Committee : 


Boston and Lowell, ‘‘N. G. Div.” 
From Bethlehem Junction to Profile, etc., 
Buffalo, New York and Philadelphia, “N. G. Div.,”’ 
Olean to Kinzua and ,Eldred, 
Burlington and Nerthwekern, and Berlingten ome 
Se ae oe eee ee a 

Bodie and Benton, 
Brighthope, 
Buckley and oust iss, 
Bear Lake and Manistee River, 
Bowden Springs, Fie 
Battle Mountain and L ewis, 
Black Hills, ACERT Eas 
Bridgeton and Saco River (2’ gauge), 
Cadillac and Northeastern, 
Carson and Colorado, 
Carson and Tahoe, 

Catskill Mountain and Cairo, 
Central Vermont, ‘‘ N. G. Div.” 

From South Londonderry to Whitehall, 

Chargin Falls and Southern, 
Chataugay, : 
Cincinnati and Sendhensten 
Cincinnati, Georgetown and Pertinedth. 
Cincinnati, Lebanon and Northern, 
Clarksburg, Weston and Glenville, 
Cleveland and Canton, 
Columbia and Puget Sound, 
Columbus and Rome, 
Colusa, , 
Coudersport sed Port Allegh any, 
Crown Point Iron Company's, . 
Cedar River, 
Crescent Springs, 
Chowan and Caskie (3% 6” guia, 
Cold Spring and Hamburg (3% 2’ gauge), 
Crooked Creek, “‘ Lehigh to Judd,” . 
California and Nevada, 
Cincinnati and Eastern, 
Columbus and Maysville, 
Danville and New River, 
Danville, Mocksville and Soutien estern, 
Dayton and Ironton, 
Dayton and Toledo, 
Deerfield River, . . oat 
De Land and St. John’s River, 
Denver and Rio Grande, 


Mileage. 


14 
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Breaks of 
Mileage Gauge. 


Denver and Rio Grande and Western, . ... . 3 2 
Denver, Utah and Pacific, . . . ede gE ng I 
Des Moines, Osceola and Southern, ore a 5 
Deadwood and Woodville,. . . . 
East and West of Alabama, 

East Broad Top, “a” 
; astern and Western Air Line, 

East Tennessee and Western North Cinslinn. 
Eureka and Palisade, . 
Evergreen, ‘ 
Eureka Iron Company's, 
Florida Southern, 5 i eee 
Flint and Pére Marquette “ N. G. Div.” 

Mount Pleasant to Coleman, 
Fort Madison and Northwestern, 
Fulton County, Sit spe 
Franklin and Megantic (2” gauge), 
Galveston, Sabine and St. Louis, . 
Georgia “‘N. G. Div.” 
Gainsville, Jefferson and Southern, . 

Gainsville and Dahlonega, 
Georgia Pacific (Mississippi Div biel): 
Georgia Marble Company's, 

Grafton Centre, . 
Green Cove and Midl: il: 
Greenlick, 

Grafton and Gisdabéas, 
Hartwell, 


Havana, Rantoul and Eastern, 
Herkimer, Newport and Poland (3’ 6 


4” 


Hot Springs (3% 6 
Houston, East and West Texas, 

Hancock and Calumet, ele! 

Hecla and Torch Lake (4’ 1”” gauge), 
Hobart and Manistee River, 

Henrico Branch of Richmond and Allegha any, 
Indiana, Illinois Southern and Bloomfield, 
Indiana, Alabama and Texas, . 

Jacksonville and Atlantic, 


Jacksonville, Tampa and Key We est, iN, G. Div.” 
Jacksonville to St. nomeiinn’. Tore 


Kaaterskill, 

Kansas and Gulf Short Line. 

Kentucky and South Atlantic, 

Knoxville and New River, 

Keystone Coal Company's, Nee 
WHOLE No. VoL. CXXII.—(THIrpD Seats, Vol. XCli. 
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Lackawanna and Pittsburgh “ N. G,. Div.”’ 
Olean to Angelica, . . 

Lac La Belle and Calumet,. abe” 

Louisville and Nashville, ‘‘ N. G. Div.” 
From Louisville te a 

Longdale Iron Company, 

Maine Central (Bucksport Branch), 

Marietta and North Georgia, 

Maryland Central, 


Mexican National, : 713 miles in Satlen: aiieauns 
miles in Texas, 


Esa 


| 


mi vers vies 


Mineral Range,. . . : 
Minneapolis, Lindale and Minndeonihei, 
Missouri Pacific ‘‘ N. G. Div.” 

Jefferson to McKenney, 

Sedalia to Warsaw, 

Mobile and Northwestern, 

Montgomery Southern, 

Montrose, 

Martha's Vi ineyé reil 

Mendocino, a 

Moline and Southeastern, 

Muskrat Lake and Clam River, 

Marshall, Paris and Northwestern, 
Memphis Branch, 

Monson (2% gauge), 

Nantucket, ee Ve, Pel wah we 
Nashville, Chattanooga and St. Louis, ‘‘ N. 

Dickson to Etna, 

Duck River Branch, pits, 4a 
Natchez, Jackson and Columbus (3% 6’’ gauge), 
Natchez, Red River and Texas, 

Nevada Central, 

Nevada and California, ; 

Nevada County Narrow-Gauge, 

Norfolk and Virginia Beach, 

Norfolk and Ocean View, 

North Pacific Coast, 

Napa City and Lakeport, se ae 

New Castle Railroad and Mising | Co. (3’ 6’” gauge), 

Nantasket Beach (purchased by ‘‘ Old Colony R. R.), 

Nevada, branch from ‘‘ You Bet" Station, Nevada 
Co. N. G., 


Olympia and Chihz slis \ ralley, 


Oregonian, 
Pacific Coast, dé. ete 
Painesville and Youngstown, 
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Paw Paw, Toledo and South Haven, 
Peach Bottom, , Se oe 
Pennsylvania Coal Company’ s 4’ 3” gauge), 


Pittsburg and Western “ N. G. Div.” 
Callery Junction to Mt. Jewett, etc., 


Port Huron and Northwestern, 
Potomac, Fredericksburg and Piedmont, 
Pine Bluff and Swans Lake, rg 
rarer: and Harrisville Ritchie Company, 
Page's (3’ 2’ gauge), 
Paint Citeh, oe 
Richmond and Denville “*N. G. Div.” 
State University Branch, 
Suwannee to Lawrenceville, 
Toccoa to Elberton (Elberton Air I jes), . 
Roswell Railroad, 
Chester and Lenoir, 
Cheraw and Chester, 
Milton and Sutherland, : 
Virginia Midland N. G. Branch, 
Franklin Junction to Rocky Mountain, 
Rio Grande, Texas (3’ 6’’ gauge), 
Rockwood and Tennessee River, 
Rome and Carrollton, 
Ruby Hill, a 
St. Clairsville (3’ 1’’ gauge), 
St. Joe and Des Loge, 
St. Joseph’s Valley, 
St. Louis, Arkansas and Texas, 
St. Louis, Créve Coeur and St. Charles, 
Saginaw, Tuscola and Huron, 
San Pete Valley, : 
San Joaquin and Sierra Mevelé. : 
Saratoga, Mt. McGregor and Lake George, 
Ship Island, Ripley and Kentucky, 
Sonoma Valley, 
South Florida, 
South Pacific Coast, : 
Stony Clove and Catskill Mouuisie. 
Stockton and Amador, 
St. John and Halifax, 
Salt Lake and Western, 
Suffolk Lumber Company's, 
St. Louis and Cairo, 
Augustine and Palatka, 
Soddy Coal Company's, 
Sandy River (2’ gauge), 


Mileage. 


20 
20 
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Talladega and Coosa Valley, . 
Tennessee and Sequatchi Valley, 
gl a 
Tionesta Valley, . . . vin 
Toledo, Cincinnati and St. Louis, 
Tonawanda Valley and Cuba, 
Tuskegee, prota 7% 
Union Pacific, ‘‘ N. G. Divs.”’ 

Denver and South Park, 

Denver to Central City, 

Forks Creek to Graymont, 

Boulder to Pennsylvania Gulch, 

Utah and Northern, 

Kansas Central Branch, . . 
Utah and Nevada, . ot ietinPet Lens 
Wabash, St. Louis and Pacific ‘* N. G. Div.” 

Des Moines to Fonda, . . , 
Walden's Ridge, te 
Warren to Farnsworth Valley, 
Waynesburg and Washington, 
Worcester and Shrewsbury, 
West Branch and Moorestown, 
York and Peachbottom, 


Total, 
(B.] 
AD-GAUGE RAILWAYS IN OPERATION IN THE UNITED STATES, 
THEIR MILEAGE AND NUMBER OF BREAKS OF GAUGE.* 
Mileage 
+Bouge (from Bouge Station W. C. and A. R. R.), 


(5° gauge), 


7Cincinnati and Green River (5’ gauge), ele hae 

+Cahaba Coal (Blocton, Alabama, to Woodstock) 
(5’ gauge), oho 

+East Alabama (5’ gauge), . 


+Georgetown and Lands (5’ gauge), 

Louisville and Wadley (5’ gauge), . 

*+Mobile and Spring Hill (5’ 2’’ gauge), 

+Pensacola and Perdido (5’ gauge), ...... 10 
TIVO Us A a gan 14 


+Sandersville and Tennille (5’ gauge),. . . ... 3 I 


* Owing to the recency of the change of gauge from five feet to standard in the South, this 
while correct as far as it goes) is but partial. Complete information at this time is not at hand 


+ These railways are not included in the list of those having changed their gauge,—Addit 
references, Poor’s Manual and Official Guide. {[R.} 
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' Silver Lake (6’ gauge), 

Sterling Mountain (6’ gauge), . 
2 *Tennessee Coal and Iron (5’ gauge), 
*Wrightsville and Tennille (5’ gauge), 


te 
+- 


Total, 


: (c) 
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MILEAGE OF NARROW-GAUGE RAILWAYS IN THE UNITED STATES, CONSTRUCTED 


CONSTRUCTED. 


Comstructi 
in 1886 to 


Fune 30 


{ 
: Americus, Preston and Lumpkin, . . 
Addison and North Pennsylvania, .. . 
' Austin and Northwestern, 
Apopka and Atlantic,. . . eo 


Augusta, Edgefield and New hone, 
Atlanta and Hawkinsville, 
Atlantic and Danville, 

Anniston and Atlantic, 

Augusta, Gibson and Sandersv ille, 


Arkansas Midland, 

5 Augusta and White Plains, 
Sar nae ee 
Batesville and Brinkley, 

WII Bartlett Mountain (Maine),. ... . 
Bartlett Land and Lumber Company (New 

Hampshire), 

Bowden Springs, eas 

Cincinnati, Georgetown and Portsmouth, 

GU <6 ts ek ee we 
Ca ee ye eee Se et 
Chatham Beach, . . . wh 


Denver, Aspen and Grand River, ; 
Denver, Utah and Pacific, : 
Denver Railroad and Land Colnpeny, 
Deadwood, ... . kts 
East and West Railroad of Alshoua, 
Florida Southern, . . 

Fort Mason, Seneca and St. litien, 
Forbestown to Moore’s Station, 
Galveston, Sabine and St. Louis... . 


IN 1886 UP TO JUNE 30TH, NOW UNDER CONSTRUCTION, 


9 


MILES 


Aow under 
Construction 


20 


20 


* These railways are not included in the list of those having changed their gauge.— 
ferences, Poor’s Manual and Official Guide. [R.} 


AND TO BE 


» be 


Constructed 


10 
28 
55 
125 
120 
25 
Y 
7. \ 
S ur 
ts 
53 
es 
t. 
39 i 
ad 
105 a 
30 
35 
40 
25 
22 
110 


Additional 


Committee: 


Mites 
Construction 
in 1886 to Now under 7 
June 30. Construction. Constr 
Houston, East and West Texas, . ... a bn 10 


Jacksonville, St. Augustine and Halifax 
River, 

Kingwood and T tnaiilion, 

Kansas and Gulf Short Line, 

Kansas City, Independence and Park, 

Longdale Iron Company, 

Lima and Rush Junction, 

Montgomery Southern, 

Marietta and North Georgia, 

Marshall, Paris and Northwestern, 

Minneapolis, Lindale and Minnetonka, 

Nevada and California, 

North Pacific Coast, 

Northwestern, of California, 

Napa City and Lakeport, 

Natchez, Red River and Texas, 

Niagara Falls and Whirlpool, 

North Conway and Mt. Kearsarge, 

Ormsby and Mt. Jewett, 

Pine Bluffs and Swans Lake, 

Pittsburg and Western, 


Portland and Willamette Valley, 


Pacific Coast, 
Rome and Carrollton, 

Rockport and Limerick, 
Ravenswood, Spencer and G lenville, 
Rapid City and Southwestern, 
San Joaquin and Sierra Nevada, 
Sierra Valley and Mohawk, 
Sonoma Valley, 

St. Johns antl Halifax River, 
Saginaw, Tuscola and Huron, 
South Pacific Coast, 
Shreveport and Houston, 
St. Augustine and Palatka, 
Augustine and Pablo Beach, 
Tavares, ae and Gulf, . 
Tionesta Valley 
Texas Western, ‘ 
Talladega and Coosa V allay, 
tah and Nevada, . 


Totals, 
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RECENT PROGRESS IN CHEMISTRY. 


By H. CARRINGTON BOLTon, Pa.D.., 


Professor of Chemistry, Trinity College, Hartford. 


in Address read before the New York Academy of Sciences, March 15, 1886.| 

To many intelligeat and cultivated persons not specifically 
instructed in chemistry, this word recalls confused memories of 
colored liquids, glistening crystals, dazzling flames, suffocating 
fumes, intolerable odors, startling explosions, and a chaos of mys- 
tifying experiments, the interest in which is proportional to the 
danger supposed to attend their exhibition. Further reminiscences 
are of many singular objects in wood, metal, glass and earthen- 
ware, of flasks and funnels, of retorts and condensers, furnaces and 
crucibles, together with bottles innumerable, filled with solids, 
liquids and gases, the whole paraphernalia connected by glass 
tubes of eccentric curves, and displayed in inextricable confusion 
and meaningless array. Behind this chaos arise vague memories 
of one discoursing learnedly in a polysyllabic jargon, and attempt- 
ing to explain the unusual phenomena by the aid of abstruse 
hypotheses, but utterly failing to remove the sensations of awe 
and of mystery bordering on the supernatural which overwhelm 
the hearer—impressions that have clung to chemistry ever since 
its entanglement with the superstitions of alchemy, astrology, and 
the “ black art.” 

Persons who undertake to gain through chemical literature a 
knowledge of what chemists are doing in and for the world, 
encounter a discouraging nomenclature which repels them by 
its apparent intricacy and its polysyllabic character. Their opin- 
ion of the terminology of an exact science is not enhanced when 
they learn that “ black lead” contains no lead, “ copperas” con- 


tains no copper, “ mosaic gold’”’ no gold, and “ german silver”’ no 


silver: that “carbolic acid ” is not an acid, “ oil of vitriol’ is not 
an oil, that olive oil is a “salt,” but “rock oil” is neither an oil 
nor a salt; that some sugars and some kinds of wax are 
alcohols; that “cream of tartar’ has nothing in common with 
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cream, “milk of lime” with milk, “butter of antimony” with 
butter, “sugar of lead” with sugar, nor “ liver of sulphur” with 
the animal organ from which it was named. 

Readers of chemical writings sometimes fail to appreciate the 
advantages of styling borax “ di-meta-borate of sodium,” or 
calling common alcohol “ methyl-carbinol,”’ and they ignore the 
euphony in such words as pentamethyldiamidothiodiphenylamia 
diiodomethylate (a substance begotten and baptized by Dr. Albert 
Maasen). 

Those whose chemical education consisted in attendance on a 
course: of lectures illustrated by experiments performed in their 
presence, interspersed with occasional recitations from a prosaic 
text-book which taxed the memory in true Chinese fashion, may 
be pardoned for retaining very hazy impressions of the true char- 
acter of the science. On the other hand, many thinking and 
reading persons recognize the magnitude of the scope and opera- 
tions of chemistry, and have some appreciation of its benefits to 
mankind. 

The fields of chemistry explored by zealous investigators are 
prodigious in extent and diversity ; in its various sections, ana 
lytical, agricultural, pharmaceutical, physiological, and techno. 
logical, it yields fruit of infinite value to the human race, and 
co-operating with other sciences, produces results which promote 
civilization in the highest degree. So rapidly are new methods of 
cultivation applied to these fields, so numerous and active are the 
workmen engaged in tilling them, that the harvest is too abund- 
ant for mental storage, and those who survey the operations at a 
distance are quite unable to apprehend the products. This ina- 
bility to follow the advances made by chemical science is felt not 
alone by those whose imperfect and non-technical training has illy 
fitted them for the task; even the specialist stands aghast at the 
prospect, and abandoning attempts to apprehend the progress 
made in all departments, confines his reading and research to a 
limited number. 

The twelve principal chemical societies of the world have an 
aggregate membership of over 8,000 ;' nearly all of these members 
are actively contributing to the advancement of chemical science, 
publishing their results for the most part in periodicals especially 
devoted to the subject. Excluding transactions of societies, and 
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journals of physics and pharmacy. these chemical periodicals issue 
annually about 20,000 pages. Bearing these statistics in mind, 
are we not justified in feelins appalled at the idea of presenting 
within the compass of an evening’s address a review of recent 
progress in chemistry ? Any attempt to do more than glance at a 
few salient points is obviously out of the question. “ Recent ”’ 
time will of necessity be a somewhat variable quantity, its limits 
being determined by expediency. We shall also endeavor to bear 
in mind the fact that we address an audience not exclusively com- 
posed of professional chemists. 

Much interest is commonly attached to announcements of new 
forms of matter—an interest out of proportion, perhaps, to the real 
value of the discoveries. During the last nine years chemists have 
not failed to sustain this interest, for they have proclaimed no less 
than thirty-one new elementary bodies. The ambition of these 
chemists, lrowever, has been greater than their accuracy, for of 
these thirty-one bantlings but five or six have survived the scrutiny 
of the doctors, two or three are now in precarious health, and the 
remainder have been buried or cremated without ceremonies. Of 
the youthful survivors comparatively little is known; their character 
is being severely tested, and their future destiny and utility are yet 
uncertain. The extreme rarity of the minerals in which the new 
elements have been detected, the excessively small percentages of 
the new ingredients, the extraordinary difficulties attending their 
separation from known substances, combine to render the investi- 
gations laborious, protracted and costly. From 2,400 kilo- 
grammes of zinc blende, Lecoq de Boisbaudran, the discoverer of 
gallium, extracted sixty-two grammes of the precious metal ; com- 
pared with this element, therefore, gold is both abundant and cheap. 
Ytterbium, scandium, samarium, thulium, and the rest, will long 
remain mere chemical curiosities known to but few; probably the 
most sanguine will not claim for them a future place among sub- 
stances of economic value.” 

But of far greater importance than the elements themselves is 
the marvellous delicacy of the means used in detecting and isolat- 
ing them. When Bunsen and Kirchhof presented to scientists the 
instrument which combines the penetration of a telescope with the 
power of a microscope magnified an hundred-fold, they were enabled 
to disclose Nature’s most hidden secrets. The new elements have 
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been traced to their hiding-places, their differences established, and 
their subsequent purity demonstrated, chiefly by their emission 
and absorption spectra. Three years ago, William Crookes, \ 
had already discovered thallium by the aid of the spectroscope, 
announced a novel and remarkable extension of the power of this 
instrument. Crookes found that many substances, when struck 
by the molecular discharge from the negative pole in a highly 
rarefied atmosphere, emit phosphorescent light of varied intensity. 
Having observed under these conditions a bright citron-colored 
band or line, he pursued the substance producing it, and, after a 
laborious search, found that it belonged to yttrium. Subsequent 
studies showed this modification of spectrum analysis to exceed in 
delicacy all known tests for the rarer earths; yttrium can be 
detected when present in ;yy/5.g79 Part. Within a_ twelve- 
month, Crookes has made known the application of radiant matter 
spectroscopy to samarium ; the delicacy of this test surpasses that 
for yttrium, and the anomalous behavior of the mixed earths yields 
phenomena “ without precedent.’’* 

About the same date as the later communication by Crookes, 
Lecogq de Boisbaudran® published a method of obtaining what he 


’ 


terms “reversion spectra,” which is practically the same in effect 
as that of Crookes. The French savant finds indications of two 
new elements in certain brilliant lines, but Crookes distinctly warns 
us that “ inferences drawn from spectrum analysis fer se are liable 
to grave doubt,” and “chemistry after all must be the court of 
final appeal.”” Crookes’ reflections on the sufficiency of spectrum 
observations as criteria of the elementary character of bodies are 
justified by the experience of many, notably of Sorby, whose 
pseudo jargonium is well remembered. This difficulty arises 
especially with absorption spectra, and neglect of the warning 
given by Sorby has led several chemists into fruitless researches. 

When Dalton, the Manchester schoolmaster, added to the 
atomic theory of the Greeks the laws of definite and of multiple 
proportions, he transformed an “ interesting intellectual plaything ” 
into an exact scientific theory capable of experimental demonstra- 
tion. The importance of ascertaining the atomic weights of the 
elements with the utmost accuracy has stimulated chemists to 
apply to the problem their best endeavors; and, as the methods of 
analysis become more refined, the determinations are again and 
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again repeated, every ascertainable and imaginable source of error 
being carefully eliminated. Beside the experimental repetitions, 
the figures obtained by various observers have recently been sub- 
mitted to careful re-calculations by Clarke,® in this country, and 
soon after by Lothar Meyer and Seubert,’ in Germany. Their 
labors give chemists the latest and most reliable constants. 

The prevailing, though partly unacknowledged, adherence to 
Prout’s hypothesis, leading chemists to prefer whole numbers (or 
at least even fractions) for the atomic weights, is liable to result in 
confusion and perplexity. Stas demonstrated that the atomic 
weight of oxygen is not quite sixteen times as great as that of 
hydrogen, but that when H = 1,O = 15:96. The tendency to 
disregard this difference of ;1, is unfortunate, since important 
errors in calculations, based on organic analyses, might result 
therefrom. Lothar Meyer and Seubert show that in the analysis 
of compounds of carbon and hydrogen, the error introduced by 
making O = 16 is greater than the errors of observation, and in 
the analysis of a body belonging to a homologous series doubts 
might arise as to the identity of the body under examination. * Of 
course, the formula of a body is not determined by analytical data 
alone ; still, this liability to errors marks forcibly the desirability 
of greater uniformity in the standard of values for the atomic 
weights. 

Contrasting strongly with belief in the absolute character of 
the weights of atoms is the suggestion of Boutlerow and others, 
that the law of definite proportions is subject to variations. In 
1880, Schiitzenberger observed a curious anomaly in analyzing 
some hydrocarbons. He found that the sum of the carbon and 
hydrogen was 101 for 100 parts of material, the result under other 
conditions being normal. Boutlerow called attention to this, and 
expressed the opinion that the chemical value of a constant weight 
(or, rather, mass) of an element may vary, and that the so-called 
atomic weight of an element may be simply the carrier of a 


certain amount of chemical energy which is variable within narrow 
limits. At a meeting of the Chemical Society of Paris, where 
Professor Wurtz presented a summary of the views of Boutlerow, 
an interesting discussion followed; this subsequently drew from 
Professor Josiah P. Cooke, of Harvard, a communication, in which 
he shows that he had expressed similar views more than twenty-five 
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years before. As early as 1855, he had questioned the absolute 
character of the law of definite proportions, and had suggested 
that the variability was occasioned by the very weak affinit, 
between elements manifesting a fluctuating composition. These 
speculations are interesting to theorists, but do not seriously 
impugn the status of chemical philosophy.® 

For many years chemists have dimly perceived the probabl: 
correlation of the properties of the elementary bodies and thei: 
atomic weights. Dumas pointed this out for certain marked 
groups, Newlands” emphasized it; but it remained for a Russian 
chemist, Mendelejeff," to establish, in 1869, a law of great 
-importance. Mendelejeff showed that if the elements are grouped 
in the order of their atomic weights, it will be found that nearly 
the same properties recur periodically throughout the entire series 
This so-called ‘Periodic Law” is more concisely stated thus: The 
properties of the elements are periodic functions of their atomic 
weights. The accuracy of the deductions based on this law is 
strikingly shown by the fact that Mendelejeff, finding an unfilled 
blank in the periodic system, boldly announced the general and 
special properties of the element awaiting discovery. Six years 
later, Lecog de Boisbaudran discovered gallium, an element which 
proved to have properties almost identical with those of the 
hypothetical ehka-aluminium described by Mendelejeff. And, in 
1879, the accuracy of Mendelejeff’s prophecy was further con- 
firmed by Nilson’s discovery of scandium,” the counterpart of the 


hypothetical ckabor. Fka-silicon, though yet to be discovered, 


may almost be regarded as a known element, so fully have its 
properties been predicted % 

The correlation between atomic weights and physical properties 
is being extended, and now embraces the fusibility, boiling points, 
general affinities, color, occurrence in nature, physiological func- 
tions, and many other factors.* Dr. Carnelley," who has been 
active in developing this subject, at the Aberdeen meeting of the 
British Association, proposed a “reasonable explanation ”’ of the 
periodic law.’ He regards the elements as compounds of carbon 
and ether, analogous to the hydrocarbon radicals, and suggests 
that all known bodies are made up of three primary elements, 
carbon, hydrogen and xther—an assumption which cannot be 
disproved. 
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In recent years, the periodic system has exerted noteworthy 
influence on the classification of the elements and their com- 
pounds. It is of positive utility in determining unsettled ques- 
tions concerning new and rare elements, and is destined to main- 
tain a lasting hold on chemical philosophy. 

The question whether the known elements are truly primary 
forms of matter has long occupied the thoughts of chem- 
ists, and the problem constantly acquires new features. The 
influence of high temperatures on the spectra of the metals has 
been a fruitful source of speculations. In 1878, the English 
astronomer and physicist, Lockyer,"” announced the discovery of the 
resolution of the elements into one primary matter; but when 
Lockyer’s paper was read before the Royal Society, his discovery 
proved to be little more than a hypothesis, and that not a new 
one, he having been virtually anticipated by Professor F. W. 
Clarke, of Washington.'"* However, Lockyer’s hypothesis was 
based, in part, upon experimental evidence. After eliminating 
coincidences in the lines of the spectra of various metals, due to 
impurities, so large a number of identical lines remained that he 
advocated the assumption that these are produced by a primary 
matter common to the so-called elements. He pointed out that 
in the hottest stars, Sirius, for example, hydrogen only is present, 
and argued that at extremely high temperatures the so-called 
elements are broken up into hydrogen, the ultimate matter of the 
universe. Lockyer’s announcement excited, temporarily, a lively 
interest, but his views are not regarded as supported by sufficient 
evidence. 

More recently, the doctrine of “ structure’’ has been borrowed 
from organic chemistry and applied to the elementary bodies. 
lhe relations existing between the elements is so similar in many 
respects to the relations between the hydrocarbons in a homolo- 
gous series, that the elements have been regarded as compounds 
of carbon with an unknown primary form of matter. Experimental 
evidence is lacking, but the hypothesis takes a plausible form. 

Dr. Carnelley, as elsewhere stated, suggests that elements are 
compounds of hydrogen, with the all-pervading zther of the 
physicist ; but we venture to remark that attempts to explain the 
nature of elements by assuming them to be compounds of hydro- 
gen with a substance whose very existence is itself assumed, is, 
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perhaps, an intellectual amusement, but not likely to advance the 
exact sciences. 

During the past year an Austrian chemist has announced the 
decomposition of didymium by purely chemical means, and the 
discovery of praseodymium and neodymium as its constituent 
elements.” An English chemist claims to have evidence of th: 
existence of an allotropic form of nitrogen.” Both these state- 
ments await confirmation. 

The views of chemists concerning the nature of affinity and 
chemical action are undergoing modifications destined to wield an 
important influence on the science in the near future. The notion 
has prevailed, though not distinctly formulated, that the chemical 
attraction exerted between unlike atoms is a superior sort of cohe- 
sion, powerful and absolute ; and this force was thought to operate 
between two elementary bodies directly, without the intervention 
of a third kind of matter, That this so-called affinity is radically 
affected by physical state, by heat, and by electricity has been 
admitted, but the conviction is growing in the minds of chemists 
that many circumstances influencing the union and separation of 
elements have been overlooked; they are beginning to believe 
that chemical action does not take place between /we substances, 
and that the presence of a third body is important, if not, indeed 
indispensable. Many years ago the word catalytic was coined to 
describe certain isolated phenomena little understood. These 
phenomena are familiar to chemists, and the number is increasing 
the word catalytic is, however, in disfavor, and the term contact 
actions is nowcurrent. The well-known influence of finely-divided 
and heated platinum in effecting the union of sulphur dioxide and 
oxygen, and the action of metallic silver in decomposing ozon 
without itself undergoing any change are examples. In these and 
similar changes one of the substances indispensable to the reaction 
remains unchanged, and its rd/e cannot be expressed in equations 

Dulong and Thénard,” more than sixty years ago, showed that 
the temperature of ignition of a mixture of hydrogen and oxygen 
is lowered to a remarkable degree by the presence of solid bodies 
of varied nature. Within a few months, Menschutkin and Kono- 
walow™ have made a study of the influence of asbestos, glass and 
other bodies on the decomposition temperature of many organic 
c »mpounds. 
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There is another class of reactions in which one body acts upon 
another only through the aid of a third,. which maintains its 
identity at the close of the reaction, yet is known to be decom- 
posed and recomposed successively throughout the operation. 
By heating a relatively small quantity of cobaltous chloride with 
bleaching powder, the latter is wholly decomposed, yielding cal- 
cium chloride, water and oxygen, yet at the close of the reaction 
the cobaltous oxide is found unaltered. It has been shown that it 
is successively decomposed and recomposed during the cperation. 
In their investigation on “ Simultaneous Oxidation and Reduction 
by Means of Hydrocyanic Acid,” Profs. Michael and Palmei* con- 
sider it probable that many of the most important reactions of 
animal and vegetable life are due to the intercession of substances 
which undergo change during the reactions, and in the end return 
to their original form. They suggest also that some of these 
reactions séem to be dependent on substances capable of decom- 
posing water into its elements, or into hydrogen and hydroxy) ; 
and when the chemist can command a reagent possessing that 
property at a low temperature, their imitation in the laboratory 
may follow its discovery. 

That chemically pure zinc is not soluble in dilute sulphuric acid 
has been known since Faraday’s day ; that sodium does not com- 
bine with perfectly dry chlorine, even if the metal be heated to its 
fusing point, was shown by Wanklyn* in 1869 ; more recently, Mr. 
Cowper has found that dry chlorine does not attack Dutch metal ; 
six years ago, Mr. H. B. Dixon*® demonstrated before the British 
Association that a well dried mixture of carbon monoxide and 
oxygen can be subjected to the electric spark without exploding. 
In March, 1885, Mr. H. B. Baker® communicated to the London 
Chemical Society results of his experiments on the influence of 
moisture in the combustion of carbon and of phosphorus in oxy- 
gen, his conclusions being that the combustion of dry charcoal in 
dry oxygen is incomplete and slower than in ordinary moist 
oxygen. In the discussion which followed Mr. Baker’s paper, Dr. 
Armstrong pointed out the importance of these new facts in 
defining more accurately conceptions of chemical action, and sug- 
gested that chemical action is “ reversed electrolysis.” 


In his 
address as President of the Chemical Section of the British Asso- 


ciation for the Advancement of Science (Sept. 10, 1885), Dr. Arm- 
strong further discussed this subject, and stated that the icea 
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conveyed by the expression “ reversed electrolysis ’”’ is found in the 
writings of Faraday, neglect of whose teachings retards the 
progress of chemistry.” 

The influence of low and of high temperatures in retarding and 
facilitating chemical changes is fundamental, but some phenomena 
not generally known may be appropriately mentioned. Victor 
Meyer and Lange:* have shown that whereas chlorine vivlently 
attacks platinum at low temperatures, it is without action upon the 
metal between 300° and 1,300°, and begins to act upon the plati- 
num above the latter temperature, the action becoming violent at 
1,500° to 1,700° C. 

Liquefied ammonia at — 65° does not combine with sulphuric 
acid, but swims on its surface without mixing with it.** Donny 


and Mareska” long ago showed that sodium retains its lustre in 
liquid chlorine at — 80°, and quite recently Professor Dewar 


demonstrated that liquid oxygen is without action on sodium, 
potassium, phosphorus, solid sulphuretted hydrogen, and _ solid 
hydriodic acid. He further experimented with other substances 
normally active, and found their affinity at very low temperatures 
destroyed.” 

Attempts have been made to solve the problem of a general 
theory of chemical action by means of the data of electrolysis and 
of thermo-chemistry. The subject is further complicated by the 
phenomena of induction, of predisposing affinity, and of influence 
of mass. Lastly, but not least, the term affinity is itself used in a 
vague way, expressing different ideas at different times and by 
different authors, some writers doubting the expediency of employ- 
ing the word at all, and favoring the more general expression 
chemical action. ‘The true nature of chemical action has yet to be 
satisfactorily explained; only the most general conclusions are 
fairly deducible from the data in hand, namely: “that each chem- 
ical substance which forms a member of any changing system 
exerts a specific action on the course of the changes which that 
system undergoes.” * 

Chemists are beginning to realize that many phenomena 
regarded as simple in character are in reality quite complex. A 
single example must suffice. From Lavoisier’s day until a few 
years ago the combustion of carbon monoxide in the air cr in 
oxygen was regarded as a very simple phenomenon, satisfactorily 
explained by the equation: 
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2CO + O, = 2CO, 

in which two molecules of the gas unite directly with one of 
oxygen, producing two molecules of carbon dioxide. In 1880, 
however, Mr. H. B. Dixon® demonstrated that this reaction takes 
place only in the presence of aqueous vapor; this necessitates an 
entirely different explanation, as indicated in the following 
equations : 

(1.)CO + H,O = CO, + H, 

) 2H, +0, 2H,O; 


that is to say, the carbon monoxide decomposes the water forming 
carbon dioxide and setting hydrogen free, which latter gas unites 
with the free oxygen and thus reconstructs the water. 

Within a twelvemonth, however, Traube* has shown that 
carbon monoxide does not decompose water in complete absence 
of air or oxygen, and hence Dixon’s first equation does not repre- 
sent a fact. Traube also finds that when moist carbon monoxide 
and oxygen are united by the electric spark, hydrogen peroxide is 
an invariable product, and he suggests the following explanation 
of the reaction : 


(1.)CO + 2H,O + O, = CO(OH), + H,O, 
(2.)CO + H,O, = CO (OH), 
(3-) 2CO (OH), = 2CO, + 2H,0. 


These equations may be interpreted as follows: When the 
electric spark is passed through a mixture of carbon monoxide and 
oxygen in the presence of aqueous vapor, the first products are 
true carbonic acid and hydrogen peroxide; the latter at once 
oxidizes the carbon monoxide, forming a second molecule of car- 
bonic acid; and, finally, the two molecules of carbonic acid are 
decomposed with the formation of carbon dioxide and water. 

If Traube’s views be sustained, it is evident that so simple a 
matter as the combustion of carbon monoxide has long been mis- 
understood, and disregard of the presence of moisture has led to 
erroneous conclusions.™ 

Chemists sometimes marvel at the blindness of the alchemists 
who, though familiar with many chemical processes in which 
gaseous bodies were evolved, yet disregarded these important 
factors, and left them for later generations to discover. What will 
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future generations think of us who fail to take into account acces. 
sory bodies indispensable to chemical reactions of the most familiar 
kind. 

The speed of chemical reactions is an important factor in 
chemical theory, the study of which has but recently begun. 
Wenzel*® long ago held that the affinity of metals for a common 
solvent, such as nitric acid, was inversely as the time necessary to 
dissolve them, and he experimented with small cylinders, partly 
protected by wax. Gladstone and Tribe” have made attempts 
ascertain the rate at which a metallic plate precipitates another 
metal from a solution, and they announced a definite law. Professor 
John W. Langley * has since shown that, while their experimental 
work was correct, their method was faulty, and the results falla- 
cious; he thinks it probable that the true law of chemical action 
where one metal precipitates another should be thus stated. The 
time during which one atom replaces another in a compound 
molecule is constant, and the total rate of chemical action varies 
directly as the mass of the reacting body in solution. 

In his address before the Chemical Section of the American 
Association for the Advancement of Science, at Philadelphia, Pro- 
fessor Langley *® discussed the problems of chemical dynamics, and 
pointed out the rich store of promise in this neglected 
Physics deals with three quantities—space, mass and time 
Chemistry has too long been content with studying the changes of 
matter in terms of space and mass only ; that is to say, in units of 
atomic weight and atomic volume. The discovery of a time-rate 
for the attractions due to affinity is destined to throw new light on 
chemical science, and to render it capable of mathematical 
treatment. 

‘AA prodigious amount of work has been done in thermo-chem- 
istry, and within a few years, the multitude of isolated observations 
have been collected, classified and made available. The importance 
of this undertaking will be more appreciated in the future than it 
has been in the immediate past. 

In all cases of chemical change, energy in the form of heat is 
either developed or absorbed, and the amount is as definite in a 
given reaction as are the weights of the substances concerned ; 
hence, measurement of the quantity of heat set free or absorbed in 
chemical reactions often enables the chemist to determine the true 
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nature of the change. For example, the exact condition of certain 
bodies in solution can only be conjectured from certain physical 
characters, few and ill-defined; but by thermic methods of investi- 
gation the bodies formed can be accurately ascertained. This is 
accomplished by reference tothe law of maximum work. “In 
any reaction, those bodies, the formation of which gives rise to the 
createst development of heat, are formed in preference to others.” 
Thus the thermometer alone in skilful hands determines the 
a priert necessity or impossibility of a reaction.” 

Berthelot,” in Paris, and Thomsen,® in Copenhagen, have 
pursued the subject of thermo-chemistry with indefatigable zeal, 
and their published results form monuments of exhaustive research. 
« By the labors chiefly of these two men, we now know the thermal 
values corresponding to many thousands of chemical reactions. 
We have learned that the energies of a reaction which can be 
brought about in two methods, either in the dry way or by solu- 
tion, differ in the two cases; that salts in solution are in a partial 
state of decomposition; that the attraction of a polybasic acid 
radical is not the same for the successive portions of base added, 
and that the behavior of a monobasic acid in solution differs essen- 
tially from that of a dibasic or tribasic acid. We also know that 
the total energy involved in any reaction is largely influenced by 
the surrounding conditions of temperature, pressure and volume.’’® 

‘lhe interesting border line between chemistry and physics is 
an increasing subject of research on the part of both the chemist 
and the physicist. The periodic press chronicles profound studies 
of the relations between chemical constitution and the phenomena of 
diffusion, of capillarity, of dialysis, of dissociation, and of the law of 
isomorphism. We read investigations on the value of the theory of 
atomicity, and on the nature of nascent action. Researches in the 
domain of electro-chemistry, especially in connection with the 
various forms of storage batteries, and in relation to the methods 
and results of electrolysis, are of such importance as to merit a 
whole address. The press also records numerous studies in actino- 
metry, of the relations between chemical composition and fluores- 
cence and phosphorescence, as well as of polychroism, and of the 
results of spectrum observations. Noteworthy are the special 
applications of optical methods to the determination of molecular 
structure, viz., the relations between chemical composition and (1) 
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the refractive power ; (2), the power of rotating a ray of polarize: 
light; and (3), the absorption spectra of both inorganic an 
organic bodies. 

Bruhl has attempted to show that the relationship between 
refractive power and molecular structure is dependent on the valen- 
cies of atoms, and on the distribution of atomic interactions 
Van 't Hoff has ‘developed a hypothesis of a crystallographic 
character that cannot be discussed in the brief space at our 
command.“ 

The meeting of the French Academy of Sciences, held the day 
before Christmas, 1877, was rendered memorable by the announc 
ment that oxygen gas had been liquefied by two independent 
experimenters. Previous to that date, hydrogen, oxygen, nitro-en, 
nitric oxide, marsh gas and carbon monoxide had resisted all 
attempts to liquefy them, whether in the hands of the skilful 
Faraday, the ingenious Natterer, or the learned Andrews. Physi- 


1 


cists and chemists, while admitting the class of so-called permanent 
gases, had for many years looked forward to their eventual lique- 
faction, yet the final success came as a surprise. This success was 
the result of the enterprise and ingenuity of a French iron-mastcr, 
M. Cailletet, and of a Genevan manufacturer of ice machines, 
Raoul Pictet, working independently. In each case the process 
consisted in simultaneously exposing the gases to a very high 
pressure and a very low temperature. Pictet® obtained the neces 
sary pressure by generating the oxygen in a wrought-iron vesse! 
strong enough to withstand an enormous strain, and the low tem- 
perature was secured by the rapid evaporation of liquid carbonic 
acid; Cailletet,“ whose apparatus was marked by extreme sim- 
plicity, obtained the great pressure by means of an hydraulic press, 
and the low temperature by suddenly diminishing the pressure 
upon the compressed gases. Descriptions of apparatus without 
diagrams are seldom intelligible ; in this place they are superfluous, 
for we deal with results rather than with methods. Being ignor- 
ant of the “ critical point” for oxygen, both experimenters employed 
a much greater pressure than necessary. 

Since the initial successes, the problem of liquefying the quon- 
dam permanent gases has been successfully attacked by several 
experimenters, especially by Wroblewski and Olzewski, whose 
names indicate their nationality.” By employing liquid ethylene 
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(which boils 22 vacuo as low as — 150° C. [— 238° F.]) as a means 
of cooling the gases under pressure, both oxygen and nitrogen, as 
well as atmospheric air have been liquefied at very moderate 
pressures. 

Among the interesting results obtained are the following: At 

102° C. (—15§2° F.), chlorine forms orange-colored crystals; at 

115° C.(— 175° F.), hydrochloric acid is a solid ; at — 118° C. 
(— 180° F.), arsenetted hydrogen forms white crystals; at — 129° 
C. (— 200° F.), ether solidifies; at — 130° C. (— 202° F.), 
absolute alcohol solidifies; at — 184° C. (— 299° F.), oxygen 
boils; at — 191-2° C. (— 312° F.), air boils; at — 205° C. (— 337° 
F.), air boils 22 vacuo. These extraordinary temperatures were 
measured by means of an hydrogen thermometer, and by a thermo- 
pile. The lowest temperature measured (to date) is — 225° C. 
(— 373° F.), which was reached by reducing the pressure of solid 
nitrogen to’ 4 mm. mercury ® (Olzewski). Further noteworthy 
results are as follows: Nitrogen was obtained in “‘ snow-like crystals 
of remarkable size ;’’ the liquefaction of air has been so conducted 
as to obtain two distinct liquids separated by a perfectly visible 
meniscus (Wroblewski), and, finally, when hydrogen was sub- 
jected to between 100 and 200 atmospheres pressure in small 
glass tubes surrounded by oxygen boiling w vacuo, it condensed 
to colorless drops. 

These noteworthy results are triumphs of physics rather than 
of chemistry, but no review of chemical progress can afford to omit 
them; their bearing on the molecular theory of matter justifies the 
space given them. It seems probable, moreover, that every known 
substance on the face of the earth will be eventually obtained in 
solid form by the mere withdrawal of heat. At these low tem- 
peratures the chemical activity of bodies is greatly lessened or 
ceases, but additional observations must be made on this point 
before attempting generalizations. 

Experiments of the character described demand great resources 
and are not devoid of danger; those conducting them will be 
rewarded by undying fame. 

The progress of chemistry in its more material aspects is char- 
acterized by the improved and economic production of known sub- 
stances, by the discovery and manufacture of entirely new ones, 
and by novel applications of both these classes as well as of waste 
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materials. The necessity of utmost condensation precludes « 
meration of even a centesimal part of the processes and product 
nor would the mere catalogue be profitable. Omitting for the 
present the prolific department of organic chemistry, brief mention 
may be made of improvements in the metallurgy of nickel ® (now 
known to be malleable and ductile), of attempts to cheapen the 
production of aluminium, of the revival of the barium dioxide 
process for manufacturing oxygen on a large scale,™ of novelties in 
artistic keramics, of the industrial production and application of 
the rare metal vanadium, of the successful introduction of water 
gas as an illuminating agent, and of constant activity in tie fas- 
cinating field of photography. 

No chemical manufactures are more important than those 
grouped under the name: “Alkali Industry,” which comprises 
the production of those adjuncts of civilization, carbonate of soda, 
Caustic soda, bicarbonate of soda, and bleaching powder. Con- 
ducted by the methods originated by the ill-fated Nicolas Leblanc, 
they have, after a century’s successful career, begun to give way to 
a youthful rival. The struggle to maintain the supremacy o! 
Leblanc’s process has been severe, the problem being a purely 
financial one. At first, the profits were made exclusively on the 
soda, then the decreasing profits, as well as the necessity of con- 
densing the torrents of hydrochloric acid, led manufacturers to add 
to the production of alkali that of bleaching powder, and the latter 
then yielded the profits while the soda became a by-product: 
Sharp competition in England and France pushed prices below 
profitable production, and capitalists with millions involved found 
their chemical ingenuity severely taxed. Various economical 
methods of recovering waste by-products were adopted, and 
finally attention was turned to the “burnt ore” 
cinders” obtained in roasting pyrites for the sulphuric acid; this 
is now treated for copper, silver, and, to some extent, for gold. A 
Spanish company owning enormous deposits of pyrites on the Rio 
Tinto, plan to establish in France alkali works with the intention 
of deriving their profits solely from the residual oxide of iron and 
the copper. 

Forty-eight years ago alkali manufacturers might have seen a 
cloud arising, no bigger than a man’s hand, which gradually grew 
darker and heavier, and now threatens to overwhelm the Leblanc 
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process. Dyer and Hemming patented the so-called “ammonia 
process” for manufacturing soda, in 1838 ; Schlossing and Rolland 
attempted to carry it out practically in 1855, but it was not found 
profitable. The credit of overcoming the practical difficulties, and 
placing the process on an economical basis, belongs to Solvay, of 
Brussels, who began to manufacture so-called “ammonia soda,” in 
1866. Commencing with the modest yield of 179 tons in that 
year, he increased it in ten years to 11,580 tons, and in 1883, 
about forty per cent. of all the soda made on the continent was 
produced by the ammonia process. The success of the new pro- 
cess has completely killed the Leblanc method in Belgium, and has 
caused the closing of many works in England. <A drawback to the 
new process is that no hydrochloric acid is produced, yet chloride 
of lime is always in demand; hence a high authority, Dr. Lunge, 
thinks that in the future the two processes will, of necessity, exist 
side by side. 

In modern chemical literature by far the greatest amount of 
space is occupied with researches and discoveries in organic 
chemistry. To the non-professional reader the peculiarly technical 
language, abounding in words of unusual Jength, is not only in- 
comprehensible, but positively forbidding. A vocabulary which 
contains such terms as toluyldiphenyltriamidocarbinol acetate and 
methylorthomonohydroxybenzoate does not encourage the casual 
reader; and when he learns the first-named body is the dye-stuff 
commonly called magenta, and that the second is the innocent oil 
of wintergreen, surprise gives way to feelings of despair. When 
one is gleefully informed that a distinguished foreigner has dis- 
covered that orthobrombenzyl bromide treated with sodium yields 
anthracene, which, heated with nitric acid, yields anthraquinone, 
and that anthraquinonedisulphonic acid fused with potassium 
hydroxide furnishes dioxyanthraquinone, the lay hearer can hardly 
be expected to become enthusiastic over the announcement, and 
yet these operations conducted in the private laboratory of a man 
of genius have been of direct benefit to mankind, setting free 
thousands of acres for the production of breadstuffs, and establish- 
ing industries employing a multitude of workmen. Ina word, 
these abstruse phrases describe the artificial production of alizarine, 
the valuable coloring matter of madder. 

The polysyllabic nomenclature now prevailing expresses to the 
chemical mind the innate structural composition of. the body 
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named; of late years the words are formed by joining syllables to 
an almost indefinite extent, and a distinguished chemist has 
recently urged the advantages of empiric names in place of ‘hy 
unwieldly system, Whether Dr. Odling’s plea will produce a 
reaction in favor of empiric names remains to be seen. 

To enter into details concerning the recent progress of organic 
chemistry, and to make them intelligible to an audience not com- 
posed of. well-read professional chemists, is an- undertaking « 
doubtful success; we shall content ourselves chiefly with gen- 
eralities. 

That remarkable product of nature, petroleum, continues to 
_occupy the studies of chemists at home and abroad. Newly in- 
vented methods of fractional distillation have disclosed previously 
unsuspected constituents and peculiarities. Lachowitz has found 
in the petroleum of Galicia several members of the aromatic series ;* 
Mendelejeff has noticed abnormal relations between the specific 
gravity and boiling points of successive fractions in distilling 
American petroleum. The various commercial products from 
crude petroleum, rhigolene, vaseline, paraffin, etc., continually find 
new and useful applications, their names being household words. 

The industrial and scientific novelties in the important groups 
of oils and fats, alcohols, and acids, cannot be specified. After 
cane sugar, glucose is receiving the most attention; in the United 
States and Germany are sixty manufactories of the various grades 
of starch sugar, the annual home production alone being valued 
at $10,000,000. Glucose is extensively used asa substitute for 
cane sugar in the manufacture of table syrup, in brewing, in con- 
fectionery, in making artificial honey, and in adulterating cane 
sugar, as well as in many minor applications. Recent experiments 
by Dr. Duggan,” of Baltimore, show that glucose is in no way 
inferior to cane sugar in healthfulness. Much work has been done 
on sorghum by Dr. Peter Collier, and the first complete examina- 
tion of maple sugar has lately been made by Prof. Wiley,” of the 
Department of Agriculture. Lovers of the latter sweet will be 
pleased to learn that it can be made by adding to a mixture of 
glucose and cane sugar a patented extract of hickory bark, which 
imitates the desired flavor. 

The great demand for high explosives as adjuncts to engineer- 
ing, mining, and military operations occasions constant experi- 
mentation ; besides the invention of mere empiric mixtures of 
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known substances, chiefly nitro-compounds, much work is done of 
a purely scientific nature, such as investigations on the chemical 
reactions and products of explosive mixtures, on the heat dis- 
engaged by their explosion, on the pressure of the gases produced, 
and on the duration of the explosive reaction. Thanks to the 
“Notes” of Prof. C. E. Munroe, of the United States Naval 
Academy, chemists are informed of the freshest novelties in this 
department, rendering further mention superfluous. 

The researches of chemists in the aromatic series outweigh in 
both number and importance those in all other sections. The once 
despised refuse coal-tar has created an entirely new chemistry, and, 
in its products and derivatives, is by far the most promising field 
for investigators. The compounds of the aromatic series have 
afforded some of the most notable successes in synthetical chemistry, 
as well as some of the most useful substances for dyeing, for 
hygienic and medicinal purposes. The oil obtained in the dry 
distillation of bones, a subject of classic investigations by Ander- 
son,*' of Glasgow, forty years ago, has recently acquired new inter- 
est; one of its constituents, pyridine (C,H,N), has been obtained 
in several ways, which show that it bears the same relation to 
certain acids derived from natural alkaloids, such as quinine, 
nicotine, etc., that benzene does to benzoic, and phthalic acids. 
These facts point to the possible artificial preparation of quinine at 
no distant day. This view of the constitution of the alkaloids is 
confirmed in many ways, notably by Ladenburg’s discovery that 
piperidine, a base occurring in pepper, is hexahydrobenzene. * 

The discovery, by Victor Meyer,® of thiophene, a constituent of 
coal-tar benzene, having sulphur in its composition, is of more 
than passing interest. Meyer assigns to thiophene a structural 
formula, which shows its analogy to furfuran and to pyrrol. This 
is indicated in the following graphic formule : 


H H, H H H H 
\ / \ 4 — / 
C—C C—C C—C 
4 \ 4 4 \ 
H—C C—H H—C C—H H—C C—H 
ae id. hes’ 
: O N 
| 
H 
Thiophene. Furfuran. Pyrrol. 
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Professional chemists note with interest the important avenues 
of research opened up by the extension of the so-called ring striuc- 
ture of carbon compounds, and by the introduction of elements 
other than carbon into the closed chain of atoms. The demon- 
stration by Kekulé, in 1865, that benzene contains a group of 
carbon atoms joined in such way as to forma regular hexagon, 
has wonderfully advanced our knowledge of the complex bodies 
in the aromatic series. 

Numerous bodies are now known, whose structure is expressed 
by closed chains of three, four, five and six links. Dewar® was 
the first, we believe, to show that nitrogen can replace one of the 
carbon atoms of a six link chain in pyridine, and Hofmann® has 
shown that three atoms of nitrogen and three of carbon unite to 
form a closed chain in melamine : 


H H 
| | 


. 


U C 
4/N ft: \ 
H—C C—H H—C C—H N 


| os 
HC Cain fut €= 09 ate tio, 
/ 


N74 a 
C N 


| 
H 


Benzene. Pyridine. Melamine. 


It has been a matter of surprise that no series intermediate 
between the open chains of the paraffin group and the closed ring 
of the benzene group have been made known. Quite recently, 
W. H. Perkin, Jr.,“ in a remarkable memoir, has begun to fill up 
this wide gap, and he describes many bodies containing a three 
carbon atom ring, a four and a five carbon atom ring. The series 
of possible methylene-addition products is shown in the following 
schedule : 


Methylene. Di-methylene. Tri-methylene. 
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Tetra methylene, Penta-methylene. Hexa-methylene ; 
H, 
H, 4 
- * 
H,C — CH, pra, H.C CH, 
| Pes H,C CH, az : 
H.C —CH, bet H,C CH, 
H,C — CH, Oe, 
Cc 
H, 


For details concerning derivatives of the above series, and the 
remarkable properties of some, we must refer to Perkin’s pub- 
lished papers. 

Professor Victor Meyer®™ has, within a few months, begun to 
investigate the possibility of obtaining closed chains containing a 
greater number of chains than six. He points out that, with the 
exception of the double rings, such as anthracene and acridine, 
only two bodies were known having seven links in a closed chain, 
viz. : 


H, H, H, 
C—C—C C—C—C—C 
Me, | / ' 
d_ cic ¢E_n_n | 
H, H, H, 
Suberone and Carbazostyril. 


Professor Meyer, however, obtained bodies having nine and 
twelve links in closed chains, as indicated below: 


H, H, oh he H, H, H, 
Giles Cag Cate $C 
| | | 

H.C Oe EE See 
| T Bo A 


These are substances of little stability, as, indeed, might be 
expected. 

Professional chemists also acknowledge the marvellous success 
in unravelling the complications of isomerism, and the important 
aid afforded the study of isomeric bodies of the aromatic group by 
the doctrine of orientation. These rather technical details can 
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receive, however, but brief mention, though a whole series of lec. 
tures could be devoted to the fascinating topic. Leopold Gmelin, 
when writing his Handbook of Chemistry, in 1827, requested 
organic chemists to stop making discoveries, or else he could 
never finish. And during the sixty years which have elapsed, the 
activity in organic chemistry has been unceasing; yet the extra- 
ordinary number of facts now known is not so great as those 
which the prophetic eye sees disclosed by these recently revealed 
lines of investigation. 

The crowning glory of chemistry is the power of producing in 
the laboratory, from inorganic matter, substances identical with 
_ those existing in the vegetable and animal kingdoms. Belief in 
the mysterious vital force operating in living beings received a 
rude shock at the hands of Wohler, sixty years ago, and suc- 
cessive triumphs in synthesis have dispelled it entirely, so far as 
non-organized bodies are concerned: “ to-day, we know that the 
same chemical laws rule animate and inanimate nature, and that 
any definite compound produced in the former can be prepared by 
synthesis as soon as its chemical constitucion has been made out.’ 
Within a few years, chemists have announced the synthesis of 
many acids, essential oils, alkaloids, glucosides, dye-stuffs, and 
other bodies naturally occurring in the organic world, and so 
rapidly do these announcements succeed one another that expecta- 
tion has displaced surprise. Noteworthy are the following: ali- 
zarine, the valuable coloring matter of madder;® vanilline, the 
aromatic principle of the vanilla bean ;® cumarine, the aromatic 
principle of the tonka bean ;” indigo, the well-known dye-stuff ;”! 
uric acid, an animal product ;” tyrosin, likewise a product of the 
animal organism ;7 salicine,”* daphnetine and umbelliferone,” 
natural glucosides and related bodies; piperidine,” a constituent 
of pepper; and cocaine, the new anesthetic.” Besides these, 
many syntheses have been accomplished of bodies isomeric and 
not identical with the natural products. 

The alchemists labored to transmute base metals into noble 
ones, and were destined never to realize their ambitious designs. 
Modern organic chemists, operating on substances compared with 
which even the base metals are precious, produce articles more 
beneficial to mankind than gold itself, and at the same time gain, 
indirectly, no small store of the coveted metal. 
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The application of chemistry to physiology encounters the 
most complex and difficult problems in the science, and at the 
same time aims to accomplish the most beneficent results. “The 
physiologist complains that probably ninety-five per cent of 
the solid matters of living structures are pure unknowns, and that 
the fundamental chemical changes which now occur during life 
are entirely shrouded in mystery. It is in order that this may no 
longer be the case that the study of carbon compounds is being so 
vigorously prosecuted.” "§ It may seem strange to the non-pro- 
fessional in this audience that, in spite of persistent and skilful 
attempts to solve the problem, chemists are obliged to admit 
ignorance of the exact composition of so common a substance as 
the white of egg, yet until they acquire an accurate knowledge of 
the constitution of albuminous substances, the processes of animal 
economy cannot be explained. While the physiologist, in some 
degree, waits on the organic chemist. for further developments, the 
latter discovers and prepares novel bodies much faster than the 
physiologist ascertains their influence on the animal economy. To 
the joint labors of chemists and physiologists are due the blessings 
of anzsthetics, hypnotics, and other conquerors of suffering and 
disease. The anesthetic properties of cocaine and the circum- 
stances of their discovery are matters of popular knowledge. 
Within a twelyemonth, ethyl-urethane has been added to the list 
of hypnotics. 

In recent years, sanitary chemistry has acquired great import- 
ance, and now occupies a distinctly defined field, including all that 
pertains to the hygienic value of foods and beverages, their adul- 
terations and their fraudulent substitutes; questions of gas and 
water supply; of the uses and abuses of disinfectants; of house- 
hold ventilation, and of the diverse matters grouped under the 
term chemical engineering. Of this very practical branch of 
chemical science, as well as of the valuable additions to materia 
medica, of the improved methods introduced into analytical chem- 
istry, and of the ever increasing contributions to the chemistry of 
agriculture, no mention can be attempted. 

The tendency of modern researches in chemistry is to magnify 
the atomic theory; the rapid accumulation of facts, the ever 
increasing ingenious hypotheses, the most searching examinations 
of co-ordinate laws, all tend to strengthen the Daltonian adapta- 
tion of the philosophic Greeks. Here and there a voice is raised 
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against the slavish worship of picturesque formule; but against 
the molecular theory underlying the symbolic system so depicted, 
few earnest arguments are advanced. The whole aim of organic 
chemistry is directed to the discovery of the arrangement of atoms 
e 
hypothesis. The edifice erected through these achievements, 
though young in years, is too substantial to tolerate displacement 
of its corner-stone. The absolute truth of the atomic theory is 
beyond man’s power to establish. Even admitting that it necessi- 
tates absurd assumptions, it is, nevertheless, indisputably the « best 
existing explanation of the facts of chemistry as at present known.” 
A noteworthy feature of existing chemical research is the 
recognition of the necessity of a more intimate knowledge of the 
connection between physical characters and chemical constitution. 
In the past, chemists increased the number of new compounds so 
rapidly, that they often neglected detailed examination of their 
physical properties, their relations to known bodies and to each 
other, preferring to satisfy their ambition by fresh discoveries. This 
race after new bodies still continues, but parallel with it are zealous 
investigators striving after a knowledge of the innate qualities and 
bearings of these same bodies; and the latter class of students is 
gaini: g prizes no less valuable than those secured by the former. 
Chemists are also recognizing the necessity of a more minute 
study of the simpler phenomena of chemistry,and it is in this 
direction they look for many laurels in the future. Priestley’s day 


of great discoveries by the simplest means has in one sense passed; 


the opportunities for isolating nine new gases, or of recognizing by 
chemical tests half a dozen new elementary bodies in the space of 
a life-time, are gone; only by the employment of the most delicate 
appliances, by the closest scrutinity of phenomena and the condi- 
tions governing them, by availing themselves of all the resources 
of physics, by an unshrinking expenditure of time and of money, 
to say nothing of the necessity of trained mental powers of no low 
order and of skilled hands, shall chemists in succeeding generations 
realize their ambitious designs. 
NOTES AND AUTHORITIES. 
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WHOLE No. Vor. CXXII.—(THIRD SERIES. VOL. xcii.) 


Luminiferous A:ther. 


LUMINIFEROUS AETHER. 

In the preceding impression of this JouRNAL, page 129, Prof 
Pliny Earle Chase writes as follows: “Prof. De Volson Wood 
writes under the same misapprehension, overlooking the precaution 
which Herschel had taken to define his hypothesis, ‘ that an amount 
of our ethereal medium equal i” guantity of matter to that which 
is contained in a cubic inch of air (which weighs about one-third of 
a grain) were enclosed in a cube of an inch in the side.’”” | do not 
understand how Professor Chase could, deliberately, make thi 
charge of overlooking Herschel’s hypothesis in the face of the fact 
that in the immediate connection of my reference to Herschel’s 
computation, I stated (P/i/. Mag., 1885, p. 390): “ But his analysis 
was founded upon the assumption that the density of the ether 
was the same as that of the air at sea-level.”’ 

The closing paragraph of Professor Chase is questionable as 
to the correctness of the facts. 

The temperature of space is, at the present day, generally 
assumed to be much less than the lowest temperature yet produced 
by artificial means; and it is interesting to note the efforts made 
to produce extreme cold. Stewart on “ Heat,” p. 110, gives an 


example in which a temperature of — 140° C. (— 220° F.), was 


obtained, but very recently (Van Nostrand’s Ang. Mag., xxxv, p. 
87), in solidifying oxygen, a temperature of — 200° C. (— 33 
F.) is said to have been produced, which is only 131° F. above 
absolute zero.* De Vortson Woon. 


MODIFICATION OF PLANTS BY CLIMATE.—Mr. A. A. Crozier, of the U: 
versity of Michigan, has published a thesis bearing this title. It has brought 
together a great amount of scattered material upon this interesting subject 
and, not the least valuable part of the paper, a full bibliography is give: 
Summing up the whole matter, the conclusion reached is as follows: 
seems to be established that as plants move from the locality of their largest 
development toward their northern limit of growth they become dwarfed 
habit, are rendered more fruitful, and all parts become more highly colored. 
Their comparative leaf surface is often increased, their form modified, and 
their composition changed. Their period of growth is also shortened 
they are enabled to develop at a lower temperature.’’—Bofan. Gazette, Sept 
and Oct., 1885. 


* See this JOURNAL, av/e art., BOLTON, p. 213.—Com. PUBL. | 
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ABSTRACTS or REPORTS or tHe JUDGES. 


(Continued from page 149.) 


GROUP I11@.——TRANSMISSION OF POWER. 

Fudges:—J. J. De Kinder, Chm. ; Thos. W. Jenkin, Geo. A. 
Vaillant, Strickland Kneass,S. Lloyd Wiegand, Wm. Harkness, 
Ir., Wilfred Lewis, Oberlin Smith. 

ALEXANDER BROS., PHILADELPHIA. 

Leather Belting.—This exhibit is a double leather belt, 32 
inches. wide by ,% inch thick, made in such a manner as to 
equalize the working strain over the entire width of belt and give 
the maximum surface of contact with the pulley. In a hide of 
leather, that part which lies immediately over the back bone will 
stretch less than any other, and cause a tight line in the belt cut 
from it. It is usual in wide belting to cut the hide so that the 
tight line shall come in the centre of the belt, and consequently 
the edges of such belts are loose and do but a small portion of 
their share of duty. 

To overcome this difficulty, the belt under consideration is 
made double and built up so that the tight and loose lines in one 
layer come opposite the loose and tight lines in the other, thereby 
making it of homogeneous strength and elasticity, and giving it a 
uniform tension over its entire width. The belt ran very straight 
upon the pulleys and showed upon its surface that contact occurred 
as Claimed. 'Wecommend the material and excellent workmanship. 

(fonorable Mention.) 
THEO. BERGNER, PHILADELPHIA. 

Duplex Hangers—*“I\n these, both journals of a counter-shaft 
are carried in a bow-shaped casting, which, while supporting the 
shaft at two points, the proper distance apart, is itself supported 
in a single ball or socket bearing, about which the whole shaft may 
be adjusted by unskilled hands, and then securely held in place by 
a single clamping-bolt. Another feature (applicable to both single 
and double hangers) provides for adapting the same hanger either 
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for suspension vertically or for lateral fastening to a post or wall, 
On loosening a single screw, the position of the journal bo» 
dish and belt-shifter arm can be instantly so reversed as to chance 
the conditions from those of a drop hanger to those of a bracket 
hanger or vice-versa.’”’ These hangers are well designed for th 
purposes and will evidently accomplish all that is claimed. 
(Honorable Ment 


BREHMER BROTHERS, PHILADELPHIA. 


Specimens of Bevel Gearing.—The gearing on exhibition ¢ 
sists of a train of bevel wheels and pinions so accurately cut a 
fitted that the lost motion in the entire train is scarcely 
ceptible. 

This is accomplished without producing any stiffness or irreg 
larity in the action of the teeth, and even when working unde: 
pressure, it is impossible to detect any roughness in the mot 
The teeth are cut on a special machine designed by Mr. H 
Bilgram, in which he has made an ingenious application of 
principle that teeth which gear correctly with any given rack 
gear correctly with each other. They are all evolute in shape 
and are actually cut out of the solid by a process of rolling wh 
forces the wheel or pinion to pass under a reciprocating tool c 
sponding to a rack tooth. 

It is, of course, necessary to form each side of the tooth s 
rately, and the practice is to take two roughing and two finishi: 
cuts on each wheel. By a suitable mechanism, the wheel is ma 
to roll under the cutting tool, and the result is a conical surface 
mechanical perfection, formed in a novel and ingenious manner b) 


the action of a straight cutting edge. Mathematically speakin 


this surface is pyramidal and tangential internally to an evolute 
from the rolling cone, but, from a practical point of view, the 
pyramid could not be distinguished from the evolute itself, except 
in the case of a very coarse feed, taken for the especial purpose 
showing the difference. 

Upon this system of cutting bevel gears, the evolute is the 
only shape possible, because it is necessary that the edge of the 
tool be straight in order to produce a conical or pyramidal surface. 
Although some prejudice exists against this form of tooth on 
account of its obliquity of action, the ground for such prejudice 's 


the 
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really very slight, as the increase in pressure due to obliquity is 
never more than -035 over that for the best cycloidal shapes. 

For accuracy of form and superiority of finish, this exhibit of 
bevel gearing deserves the highest praise— (A Silver Medal.) 


J. E. LONERGAN & CO., PHILADELPHIA. 


Ou Cup.—This cup is composed of an outer skeleton brass 
frame surrounding a cylindrical glass vessel and united to it with 
oil-tight joints by top and bottom cork washers. The quantity of 
oil fed is regulated by a spindle valve, and adjusted by means of a 
small set-screw passing through a button on the end of the valve 
stem. When oil is flowing to the bearing, this set-screw rests upon a 
little nipple, raised about one-eighth inch above the top of cup; to 
stop feed, it is only necessary to raise the button and turn ita little on 
its axis, thereby removing the screw from its position on the nipple 
and allowingthe spindle valve to seat under pressure of a heavy brass 
spring. Whenoil isagain needed, it is only necessary to return the 
adjusting screw to its place upon the nipple, and the former feed 
will be resumed. 

The principal advantages of this cup are: the facility with 
which the feed may be regulated; the means of quickly flooding 
the bearing in case it becomes heated ; and the ease with which the 
supply of oil may be entirely cut off, or the regular feed resumed. 


(A Bronze Medal.) 
JAMES H. BILLINGTON & CO., PHILADELPHIA. 


Belting.—Exhibit various widths of the well known Hoyt terne 
oak short-lap belting. 

The leather is short-lap and oak-bark tanned, such as has been in 
use for nearly forty years. It is of the usual excellent quality, but 
presents nothing novel. (Honorable Mention.) 


CHARLES A. SCHWEREN, PHILADELPHIA. 


Leather Belting for Dynamos.—This belting is fastened with 
wire screws, which are forced into the leather, leaving both 
sides of the belt smooth. The specimen driving a Thomson- 
Houston dynamo runs remarkably smooth, shows little stretch, 
and is very pliable. The construction is decidedly novel. 


(Honorable Mention.) 
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WILLIAM SELLERS & CO., PHILADELPHIA. 

Line Shafting, Couplings, Hangers and Pulleys and Coun: 
shafting.—This exhibit shows the uniform standard of excellence 
in material and workmanship for which this firm is noted. The 
specimens on exhibition are not decidedly novel; in fact, j 
doubtful whether there is room for any improvement left on these 
goods. Lightness combined with great strength, symmetrical 
lines, and first-class finish in every detail are the features. 

(Not entered for competiti 


JOHNSON & CHRISTIAN GALLAGHER, PHILADELPHIA. 

Exhibit an angular coupling joint, which shows in a general 
way an improvement in compactness and rigidity over similar 
devices. The arrangetment for lubrication is novel in that centrif- 
ugal motion is made use of to distribute the lubricants from the 
centre. (A Bronze Medal.) 

PHCENIX OIL COMPANY, PHILADELPHIA. 

Belt Oil.--The belts running in the Exhibition, and treated 
with this oil, show it to be a decidedly superior article. It pre- 
vents slipping, and does not stretch the belt as much as usual. It 
is highly recommended, by responsible parties using it, for its 
water-proof qualities. 

(Referred to the Committee on Science and the Arts.) 
GEORGE V. CRESSON, PHILADELPHIA. 

Shafting, Pulleys, Hangers and Couplings.—The adjustable 
loose pulley arrangements shown deserve special notice. The 
loose pulley runs on a sleeve forming part of the hanger, and 
therefore independent of the shaft. On one end of the hub is a 
flange, also a similar one on the tight pulley ; between these 
flanges is a rubber disc. To get the sleeve pulley in motion it is 
pressed by means of a lever against the tight pulley, and by fric- 
tional contact receives a rotary motion. The loose pulley 
revolving causes the belt to move, the automatic shifting device 
shifting the belt over to the tight pulley at the same time. When 
the belt has passed to the tight pulley, the loose pulley comes to 
rest, and vice-versa. : 

When high speed machinery is used, the economy of this 
device is especially valuable. 

The remainder of the exhibit is more conspicuous for good 
workmanship than novelty. (A Bronze Medal.) 
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THE SOUTHWARK FOUNDRY, PHILADELPHIA. 

Clutch Pulleys. -The friction-clutch exhibited at work consists 
of a device wherein all the working parts of the clutch lie equally 
on each side of the pulley. -The two clutch segments are of the 
same size and weight, are carried upon the turned opposite ends 
of the driver, and are forced radially outwards against an internal 
cylindrical surface. These segments are faced with ample area of 
hard wood with the grain “end on.” They are separably adjust- 
able by revolving nuts, for wear and to contact with the friction 
surface. The segments are so placed that, to the pressure of the 
screws upon them, is added the effect of centrifugal force. The 
segments are operated by means of a toothed rack and spur 
pinion. The hub of the pulley is formed of two equal and oppo- 
site half-shells bolted to the ring of the pulley. All the working 
parts of the clutch are within the shell. The whole combination 
forms a well-balanced, compact clutch of great power and readily 
adjustable for wear. (A Bronze Medal.) 


GROUP 116.—STEAM ENGINES. 
Fudges :—S. L. Wiegand, Chm. 
HENRY C. BROOMALL, PHGENIXVILLE, PA. 

Miniature Engine and Bowler.—For skilful workmanship and 
ingenuity— (Honorable Mention ) 
BUCKEYE ENGINE COMPANY, SALEM, O. . 

Buckeye Engine.—Remained in the building since the Electrical 
Exhibition, and was then tested with most satisfactory results. 
(Not entered for competition.) 
CHRISTIANA MACHINE COMPANY, CHRISTIANA, PA. 
Burnham's Automatic Engine.—For steady running at very 
high speeds— (A Silver Medal.) 
COLT’S ARMS COMPANY, HARTFORD, CONN. 

Colt’s Disc Steam Engine —¥or good workmanship and com- 
pactness— (A Silver Medal.) 
WM. M. DEAL, PHILADELPHIA. 

Balanced Slide Valve.—Not regarded as practical. 
HARRISBURG CAR MANUFACTURING COMPANY, HARRISBURG, PA. 
The Ide Engine.—For excellent system of lubrication, compact- 
ness, good workmanship and design— (A Silver Medal.) 
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THE KENSINGTON ENGINE WORKS, PHILADELPHIA. 

Buckeye Automatic Engine—For good design and workman- 

ship— (A Silver Meda 
THE PHCENIX IRON COMPANY, TRENTON, N. J. 

Phenix Automatic Cut-off Engine —For general design, sim 
plicity of construction, good workmanship, smooth and _ noiseless 
running and excellent proportions 
(A Silver Medal and a Reference to Com. on Science and the Arts. 
SHIPMAN STEAM ENGINE COMPANY (C. D. YOUNG & BROTHERS), AGENTS, 

PHILADELPHIA. 

Shipman Engine.—For perfection of automatic supply of fuel 

and water— (A Silver Medal. 
H. B, SMITH MACHINE COMPANY, PHILADELPHIA. 

Portable Horizontal Engine with Upright Boiler. 

(Not entered for competition 
SOUTHWARK FOUNDRY, PHILADELPHIA. 

Southwark Automatic Cut-off Engine—For compactness and 
good proportions— (A Silver Medal 
W. P. ULINGER, PHILADELPHIA. 
Hydro-Extractors—For good design and workmanship— 

(A Silver Medal 
ROBT. WETHERILL & CO., CHESTER, PA. 

Wetherill-Corliss Engine.—For excellent workmanship— 

(A Silver Meda: 
T. E. WINEBRENER, PHILADELPHIA. 

The Davey Safety Engine —For ingenuity and safety— 

(A Bronze Medal.) 


GROUP II¢.-—GAS ENGINES AND CALORIC ENGINES. 


Fudges—James Christie, Chm.; Wm. M. Smith, W. H. Blake, 
M. D. 


DICKSON MANUFACTURING COMPANY, SCRANTON, PA. 

Gas Engines.—The Stockport gas engine, exhibited by the 
Dickson Manufacturing Company, of Scranton, Pa., consists of two 
cylinders placed in line with each other and connected by a 
“ trunk,” which admits of the crank-shaft and motive parts being 
located between the two cylinders. One of said cylinders acts as a 
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plunger pump, taking in air and gas during one stroke, and com- 
pressing the same on the return stroke, and delivering the gaseous 
mixture at the proper moment into the opposite or actuating cyl- 
inder, where it is ignited by means of an ignition slide, which carries 
a small volume of flame from an external gas jet, in a manner 
usual in other gas engines. 

The makers claim for this machine, simplicity of parts, certainty 
of action and ease in starting. Your committee regret that they 
were unable, for lack of the proper apparatus, to make an efficiency 
test of gas engines, but see no reason to doubt that the machine 
described will compare favorably in economical results with any 
existing gas engine. The engine is so controlled by the governor 
that the proper amount of the gaseous mixture enters the explosion 
cylinder at every revolution to maintain the regulated speed of 
rotation, 


The engime is characterized by elegance of design and simplicity 
of mechanical detail, and it runs with remarkable uniformity and 
quietness. In consideration of these points of excellence, your 
committee would recommend that the Stockport engine be 
awarded— (A Silver Medal.) 


THE CLERK GAS ENGINE COMPANY, PHILADELPHIA. 

The Clerk Gas Engine —Of this machine two specimens were 
exhibited by the manufacturers. It differs from earlier forms of 
the gas engine in its ability to explode a charge of gas at each 
revolution of the engine, when the resistance requires it, to main- 
tain the proper velocity of rotation. The operation of the 
machine in the most essential particulars resembles the action of 
the Stockport engine, above described. The principal differ- 
ence consists in the office of the pump, or “ displacer cylinder,” 
and the mode of operating the same. The piston of the latter is 
driven by a crank on the main shaft, and placed at the proper 
advance of the main crank of the engine. This displacing cy]l- 
inder is so connected with the main or actuating cylinder as to 
force a current of air through the actuating cylinder in advance 
of the explosive charge, thus cleansing the latter at the termination 
of each forward stroke. 

These engines did not exhibit the same steadiness and ease of 
operation noted in the engine previously described—defects, how- 
ever, which may have been due to imperfect foundations, and less 
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perfect workmanship. For novelty and ingenuity of design, th 
committee recommend that the “Clerk Gas Engine " be awarded 
(A Bronze Medal 
THE H. B. SMITH MACHINE COMPANY, PHILADELPHIA 

Caloric Engines —Two types of this class of engines are 
exhibited by the same party. Both engines are especially adapted 
for pumping water; one, the “ Rider,” and the other the “ Ericsson ”’ 
engine. They are both so well known and widely used, that it is 
unnecessary to enter into any extended description of their 
respective modes of operation. They are both well adapted for 
light work, especially of an intermittent character The makers 

‘have recently added to the machines sundry improvements, 
which are not of much importance in detail, yet, in the aggregate, 
contribute to the efficiency of the engines. 

Your committee would recommend that to these engines be 
awarded— (Honorable Mention.) 
THE MERCER WIRE COMPANY, TRENTON, N, J. 

Spiral Springs for Engine Governors, etc —These are espe- 
cially manufactured for the above-named purpose. The makers 
claim that they have been able to obtain a greater uniformity of 
tension than has hitherto been produced in springs of their class. 

It has been impossible for your committee to verify this claim, 
or to ascertain positively if these springs show a marked supe- 
riority over those of other manufacturers. We, however, have 
found the springs in service on the governors of some engines in 
the Exhibition, and are assured by those in charge that the springs 
yield excellent results. In consideration of the above, we would 
recommend that the manufacturers receive— 

(Honorable Mention.) 


GROUP I 1¢.—HYDRAULIC AND PNEUMATIC MACHINERY. 
Fudges :--Strickland Kneass, Chm.; Wm. H. Thorne, Wilfred 


Lewis, John E. Eyanson, Henry P. M. Birkinbine, Wm. M. Smith, 
John J. Weaver. 


H. J. BERGMAN (AGENT FOR THE CLEVELAND FAUCET COMPANY), 
PHILADELPHIA. 


Improved Beer Faucets—The improvement claimed for this 
faucet consists in a small air compressor, which is so located that 


Sept., 1886. | The “Novelties” Exhibition. 235 


its piston red is controlled by the handle of the faucet, whereby 
whenever a glass of beer is drawn a corresponding amount of air is 
forced into the keg, thus maintaining a uniform pressure upon the 
beer until the keg is emptied. 

It has also a draining tube attached to the tapping plug, which 
drops to the bottom of the keg after inserting the plug and through 
which the beer below the level of the faucet can be drawn. 

When a cooler is used, the air compressor is placed inside, and 
cold air is forced into the keg, instead of the warm air of a room, 
or the unwholesome air from an uncleanly and poorly ventilated 
cellar. 

With this faucet, it is claimed that the freshness of the beer is 
maintained until the last glassful has been taken from the keg. 

It is worthy of commendation for its novelty and for accomplish- 
ing what it claims. (A Bronze Medal.) 
H. B. SMITH MACHINE COMPANY, PHILADELPHIA. 

The Boston Blower—The exhibitors claim special superiority 
in its journal bearings, which are made in the following manner: 
Each box has in its centre a ball by which it is securely confined 
in the hanger, though left free to swivel when necessary; to the 
upper side is attached the oil cup, and to the lower side the drip 
cup, to catch the oil after having passed through the journal-box. 
All wear is upon an internal babbitted bushing, which is remov- 
able without disturbing the outside shell of the box, while the end 
motion is taken up by means of set-screws (provided with suitable 
check nuts), which press hardened steel washers against the end of 
the shaft; through the upper and lower sides of the bushing, 
grooves are planed, through which the oil passes from the cup, and 
running down through several small openings, lubricates the 
journal from many points. At the inside ends are catch chambers, 
which prevent the oil from escaping into the pulleys and belt, and 
compel it to return through the lower channel to the drip cup. 

The committee fail to see anything especialiy novel in this 
arrangement, as the ball-and-socket was used in the Demphel fan 
and the removable babbitted bushing in the Alden and Sturtevant 
fans, and was abandoned by the latter some time ago. 


RICHARD BEAUMONT, PHILADELPHIA. 
Straight-Way Valve-—The special feature of this valve is the 
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sliding gate which permits the opening of a straight-way passage of 
the same diameter as outlets and without contraction or enlargement 

Under the centre of a cast iron body is a pocket or recess, deep 
enough to permit necessary. travel of the sliding gate. The slide is 
made of cast iron and faced with brass on parts exposed to the action 
of the water. The lower end is bored out in line with, and same size 


as outlets, so that when the gate is upas far as can be drawn by the 


screw, the valve presents a true cylindrical opening. On this slide 
and above the main water way, two circular brass discs are carried 
on heavy bosses, and by acting against lugs on inside of body 
these valve discs are tightly jammed against the valve seat by 
.the pressure of the screw. The wedge-shaped bosses on the 
backs of valve discs are faced with wrought iron or steel strips, as 
they would be subject to wear. 

A plug in the bottom of the body permits the removal of sand or 
dirt from the pocket in case of sufficient accumulation to prevent the 
valves from seating. 

The fire Hydrants of the same inventor exhibit no especially 
novel features except such as may belong to above valve. They do 
not appear to be provided with a drip-cock of any kind to drain the 
stand-pipe when the valve is closed. 

The disadvantages of this style of valve appear to be the application 
of pressure of the screw while the valves are sliding over the seat, the 
unequal pressure on the valve discs, and the opening of the pocket 
to the admission of foreign matter when the valve is part-way shut. 

The committee make no recommendation in regard to Richard 
Beaumont's Straight-Way Valve, as in their opinion the only nove! 
and meritorious feature is offset by defects in construction and 
design; and, although it compares favorably with other valves of 
its kind on exhibition, yet does not merit any special recognition. 


JAMES W. BLAKEMORE, GERMANTOWN, PH'LADELPHIA. 


Pump Bucket—This bucket is designed to take the place of 
the ordinary wooden bucket with leather flap valve. 

The working parts are of brass, and consist of two rings, 
between which a cup leather packing is securely clamped, and a 
movable disc or plate acting as a check, all of which are assembled 
on acentral iron stem. The ring forming the valve seat is pro- 
vided with a cross-bar, which is tapped to receive the valve stem, 
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upon which it is screwed. The piston ring, which acts asa fol- 
lower to secure the cup leather packing, has also a cross-bar 
through which the stem passes freely, and receives a clamping nut 
upon the end. 

The piston is turned to fit loosely in the pump barrel, and the 
check disc is made to slide easily upon the valve stem. Although 
cheaply and roughly made, the bucket appears to be well adapted 
toits purpose. There is nothing to get out of order, and the leather 
packing upon which the wear will chiefly occur, is easily replaced. 

The advantages claimed are that it gives a much larger water- 
way and freer lift to the valve, and these the committee accord, 
without recommendation for award. 


JOHN M. CRAWFORD, PHILADELPHIA. 

Gate Valve.—This consists of a segmental, parallel-faced gate 
of brass or cast iron, pierced by a circular orifice of the same diameter 
as outlets. ‘This gate is swung on a pivot by means of a worm 
gearing into teeth on its periphery ; when swung opposite out- 
lets by proper rotation of the hand wheel, a continuous cylindrical 
passage is formed for the water; when revolved one-eighth turn, 
the water-way is completely closed ; but it depends entirely upon the 
pressure of the water upon the gate to prevent leakage. The body of 
valve is suitably shaped to allow sufficient motion of the gate. On 
account of the use of a worm and the amount of leverage used, 
very little power would be required to open or close the valve 
when under pressure. 


The committee make no recommendation for award, as they 
do not think the valve will remain water-tight, or that it pos- 
sesses any advantages over those at present in the market. 


J. HENRY MITCHELL, PHILADELPHIA. 


Power Fans: Two Steam-Power Fans in Motion.—These are of 
the type designed to ventilate apartments, and in which wings are 
carried by arms and revolve in a horizontal plane near the ceiling. 
They have a means of changing the direction and force of the air 
currents produced, or of stilling them whilst the apparatus is in 
motion, by moving a button, sliding upon the lower end of the 
vertical shaft, which operates through links and levers attached to 
the wings, partially revolving them around their carrying arms. 
By pushing the button upwards to a stop, the advancing edge 
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of the wings is brought below the mean plane of revolution, thereby 
causing an upward air current, and by pulling the button down to 
its full extent the reverse action is produced. By placing the 
button midway between stops the wings coincide with the mean 
plane of revolution and no air current is produced. 

Currents of more or less intensity can be had by placing the 
button at intermediate positions. 

The committee respectfully recommend a diploma of — 

(Honorable Mention.) 


POSITIVE WATER-METER MANUFACTURING COMPANY, PHILADELPHIA. 


Fluid Meter, Rotary Pump and Water Motor —The fluid meter 
consists of a cylindrical drum revolving on its axis in horizontal 


bearings, and carried by a casing, the interior of which just clears the 
top quadrant of the cylindrical surface and the ends of the drum. 
The bottom quadrant of the interior surface of the casing is also 
cylindrical and is concentric with the drum, but at a distance from 
it equal to about one-fourth of the diameter of the drum. The 
side quadrants are cylindrical, but, being eccentric with the drum, 
form cam surfaces extending between the top and bottom quadrants 
The entrance and exit for the water are narrow openings, extend- 
ing the entire length of each of these eccentric quadrants. The 
drum is provided with two diametrical slots at right angles to each 
other, into each of which a hard-rubber blade is fitted so as to slide 
freely and independently. Each blade fits closely to the end sur 
faces of the casing, but is shorter than the diametrical distance 
between the cylindrical surfaces. A worm is cut on one end of the 
axle of the drum, which gives motion to a counter for registering 
the’ number of revolutions or gallons, or cubic feet, which have 
passed through the meter. As the drum revolves, the blades are 
pushed out by the eccentric surfaces, and while moving out, pass 
the entrance and exit orifices and have the same pressure on both 
sides of them, thus being free to slide easily. It is claimed that 
after they pass the horizontai position, the action of gravity and 
centrifugal force hold them in close contact with the working sur- 
face of the casing, preventing leak and loss. A report of tests 
made by the Philadelphia Water Department was furnished, which 
makes an excellent showing. In this test, ten newly manufactured 
meters were tried at water pressures varying from twenty to forty- 
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five pounds. The greatest error was the indication of 1-378 per 
cent. less than the exact amount of water that passed. The aver- 
age of all the errors was 0648 per cent. The percentage of error 
appears to increase with the water pressure. It is claimed that the 
meter will continue to work and to record properly as the head of 
water is reduced until it reaches two inches, when the meter stops, 
but if the head is then increased to three inches, the meter will 
start again. It is also claimed that the resistance offered by the 
meter to the flow of water is no more than would be caused by a 
one-quarter bend in the pipe. We had no means of verifying this. 
The behavior of the meter under continued use is not yet deter- 
mined, but we see no reason to believe that it will deteriorate to 
any considerable extent. The parts are well designed and pro- 
portioned, and the workmanship superior. (A Silver Medal.) 


( 7a be continued.) 


BOOK NOTICE. 


ELECTRIC TRANSMISSION OF ENERGY, AND ITS TRANSFORMATION, SUBDIVI- 
SION AND DISTRIBUTION. A Practical Handbook. By Gisbert Kapp, C. E., 
Associate Member of the Institution of Civil Engineers, Associate of the 
Society of Telegraph Engineers and Electricians. New York: D. Van 
Nostrand. 

It is easy to predict that this book will be widely read by more than one 
class of readers. Students and instructors in electrical engineering will find 
in it much that is suggestive as to method of treatment, while those 
engaged in practical work will find it equally helpful in securing clear notions 
of the complicated relations there presenting themselves. Even enterprising 
managers of manufacturing interests may receive valuable suggestions as to 
the feasibility of using electric wires and motors, instead of shafts, pulleys, 
belts and cog gearing: and yet, the book is not one of those mere popular 
treatises that talks round about the subject without saying anything that can 
be computatively applied. 

Starting with a rapid review of elementary principles and the absolute 
system of measurement, the author is at once able neatly to develop the simple 
equations for the transmission of energy by means of ‘the ideal '’ dynamo and 
motor consisting of a simple “ slider.’’ From the slider to the rotary form is 
an easy step; and thus he shows the power of the modern method in rapidly 
furnishing a first approximation to the facts, and by a few changes, the more 
rigorous expressions for the electrical energy developed in the rotation of any 
form of armature, as well as the efficiency of the conversion. 

Perhaps the only caution to be suggested concerning these early chapters 
is that of regarding ‘‘ Professor Hughes’ Theory of Magnetism,"’ as pro- 
pounded by the author, page 15, e¢ seg., as due to Professor Hughes. It is 
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not easy to excuse such insularity in one who, like our author, seems t: 
somewhat familiar with German scientific literature, and who should « 
quently have known this theory as developed with precision by Webe: 
Wiedemann, some years before Professor Hughes proposed a new “ theor) 
magnetism.”” Let the lucid sincerity of Mr. Kapp's style, however, ass: 
the critical temper! 

The author's method of treating the magnetic circuit and field will . 
some interest. By means of Faraday's notion of the conduction of lin: 
magnetic force,.a magnétic circuit may be treated in a manner similar t 
electric circuit ; the strength of field produced being considered as va 
directly as the ‘ magneto-motive force,”’ and inversely as the “mag 
resistance.” Mr. Kapp’s method reminds one of the development o/ 
conception given by Rowland and Bosanquet, and the form of expres 
given by the author for the number of lines of force in the magnetic fi 
very similar to that proposed by Rowland at the Philadelphia Electrica! 
ference of 1884. We cannot help thinking that it would have added 
siderable to the value and interest of the author's empirical formula, if 
method of determining its constant had been fully stated. 

The best part of two chapters is devoted to an explanation of the gra; 
methods used in determining the peculiarities of dynamos and motors 
their efficiency under varying conditions. Then follows a discussion of | 
two great systems of transmission ; namely, at constant pressure, and at 
stant current; not neglecting the line itself and the important econo: 
formule and tables worked out by Sir Wm. Thomson, and by Profes 
George Forbes in his admirable Cantor Lectures; while the two kinds 
circuits, aérial and underground, and their mechanical details are als 
discussed in relation to the various kinds of transmission. 

One of the most interesting chapters to most readers, probably, will b: 
in which the author reviews, and states the results of the admirable prize ¢ 
of A. Beringer, entitled Avitische Vergleichung der Elektrischen Kra 
iibertragung mit den gebriuchlichsten Mechanischen Uebertragungssyst 
The thoroughness and scientific comprehensiveness of Herr Beringer’s ess 
render this English excerpt of the results of the comparison of elect 
hydraulic, pneumatic and wire-rope transmission quite to the point, in 
absence of a conrplete translation. 

After the general discussion of the problem of electric transmission, 
author presents a brief classification of the various actual forms of generat 
and receivers. The concluding chapters are devoted to a statement of 
prominent examples of the use of electricity in operating cranes, pumps, fa 
railways—not omitting the telpherage system of Professor Jenkin— 
closing with a description of the experiments and devices pertaining 
high-pressure and long-distance transmission. 

In concluding, we-cannot feel that we have done justice to our author 
these cursory remarks without alluding to the general readableness of the 
volume. There is agraceful originality, as well as ability of statement, running 
through the book that emphatically disposes one to class it among the mor 
useful works in applied electricity. M. B.S 


Jour. Frank, Iinst., Voi. CXX/1. Oct., 1886, 
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